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In  a tixclv  tashiou.  Thus  the  llrst  phase  ol  thu  analysis  concentrated  on  id<.ntir>  in:, 
and  iitte  ir.t  the  ir-puct  ol  future  trends  and  events  which  could  affect  surveillance 
requirements.  A list  of  potential  events  relevant  to  Coast  Cuard  surveillance 
raqvi  naant  s war  developed.  These  major  events  were  then  evaluated  via  a Delphi, 
with  the  participation  of  experts  In  a variety  of  appropriate  fields..  The  Delphi 
panel  established  estimated  dotes  by  which  each  event  would  have  a high  probability 
of  occurrence.  A Requirements  Model  was  thou  constructed  to  quantitatively  assess 
the  t iue-phared , relative  importance  of  each  of  the  identified  current,  and  future 
Coast  Guar*  surveillance  requi i cretits , by  Program  and  overall.  f^Once  the  relative 
importance  of  each  surveillance  requirement  was  established,  a survev  ot  current  .u.d 
future  available  technology  was  undertaken,  to  determine  current  development  status, 
current  level  of  application,  pace  of  development,  efficacy  in  meeting  each  surveil- 
lance requirement.  Using  cross-relevance  matrices,  a gap  analysis  was  conducted  to 
determine  the  efficacy  of  the  technologies,  as  currently  applied  and  potentially 
available,  in  meeting  the  most  important  surveillance  requirements.  The  result  was 
a determination  of  the  relative  importance  of  the  technologies  for  Const  Guard 
research  and  development.  A broad  program  was  then  structured  utilizing  the  output 
of  the  gap  analysis  and  insights  gained  during  the  evaluation  of  technologies. 
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The  second  phase  of  this  study  required  an  analysis  ot  currently 
and  potentially  available  surveillance  technologies.  Valuable 
insights  into  these  technologies  and  their  stages  and  rates  ot 
development  were  provided  by  Mr.  Harris  B.  Stone  and  Capt.  Robert  s. 
Denbigh  of  the  Riu  Plans  Division,  Oft  ice  ot  the  Chief  of  Naval 
Operations;  Dr.  S.  G.  Reed,  Jr.  and  Mr.  Bon  Friedman  ot  the  Ot t ice  of 
Naval  Research;  Mr.  Carey  p.  Hiuth,  Sonar  Technology  Division,  NAVSEA 
Systems  Coronand;  Mr.  John  Giblin,  Planning  Appraisal  and  Financial 
Management  Division,  NAVSEA  Systems  Conmanu;  and  Mr.  Don  Dick,  Naval 
Surface  Weapons  Center,  White  oak,  Maryland.  These  individuals  made 
an  invaluable  contribution  in  assuring  an  up-to-date  assessment  of 
current  and  future  surveillance  technologies. 
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GLOSSARY 


Guard  Objectives:  Broad  statements  of  organizational 
purpose  as  established  by  the  Coast  Guard. 

Ctor at inq,  Program:  As  established  by  the  Coast  Guard  in  CG-411 
(Planning  and  Programming  Manual). 

Program,  Activity- .< PA)  : A distinct  surveillance-related 
operation  related  to  an  Operating  Program. 


Surveillance  function:  A surveillance-related  task  to  be 
jrmed,  namely: 


o Detect  - to  determine  the  presence  or  absence  of 
tHe  feature  which  is  most  significant  or  primary 
to  the  program  activity. 

o locate  - to  determine  the  position  of  the  thing 
of’  interest  relative  to  the  detection  device  in 
terms  of  range,  bearing,  or  vertical  angle. 

° Identify  - to  detect  features  of  secondary 
significance  which  describe  the  primary  feature 
in  terms  of  "who"  or  "what". 


° Observe  - to  detect  features  of  tertiary 
sTg nificance,  i.e.,  necessary  amplifying 
information. 

: A specific  surveillance 

Surveillance  Requirement : A statement  of  need  consisting  of  a 
Surveillance  Function  plus  a Surveillance  Information  Element,  e.g., 
Detect:  large  vessel . 


Surveillance  Information  Element 
objective  or  object. 
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CHAPTER  1 - INTRODUCTION 


In  this  era  of  limited  resources  and  increasing  importance  of 
the  marine  environment,  the  U.  S.  Coast  Guard  is  faced  with  the 
challenge  of  meeting  ever-growing  surveillance  requirements 
efficiently  and  effectively.  In  the  past,  the  Coast  Guard  has 
concentrated  mainly  on  developing  surveillance  systems  to  meet  the 
needs  of  a specific  Operating  Program  without  prior  planning  to 
capture  second  and  third-order  benefits  through  application  of  the 
system  developed  to  other  Programs  or  needs.  What  is  needed  is  a 
method  to  permit  the  Coast  Guard  to  identify  future  surveillance 
requirements  soon  enough  to  permit  timely  and  appropriate  action 
(i.e.,  to  provide  appropriate  systems  to  the  field  by  the  time  they 
are  needed)  and  which  allows  the  Coast  Guard  to  develop  multimission 
systems  which  provide  efficient  utilization  of  available  resources  to 
meet  future  surveillance  requirements. 

The  objectives  of  this  study  are  to  provide  a multimission 
assessment  of  possible  Coast  Guard  surveillance  requirements  over  the 
next  25  years  in  5-year  increments;  to  provide  a forecast  of  possible 
surveillance-related  Program  Standards  where  sufficient  confidence 
exists  to  predict  a future  value;  and  to  develop  a Coast  Guard 
surveillance  R&D  program.  The  thrust  of  these  objectives  is  twofold: 
first,  to  develop  surveillance  requirements  and  second,  to  develop  an 
appropriate  Coast  Guard  surveillance  R&D  program  to  satisfy  these 
requirements. 

Several  major  assunptions  have  been  made  and  provide  a framework 
for  the  entire  study.  These  assijnptions  are: 

A general  war  will  not  occur. 

An  economic  collapse  of  the  West  will  not  occur. 

The  Coast  Guard  will  remain  a component  of  the  armed  forces 

of  the  United  States. 


t 
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The  Coast  Guard  will  continue  as  a single  organizational 
entity. 

The  Coast  Guard's  primary  functions  will  remain  centered 
around  civil  marine  and  maritime  matters. 

The  Coast  Guard  will  retain  its  military  functions. 

Part  I of  the  analysis  focuses  on  the  first  objective:  to  identify 
surveillance  requirements  over  the  next  25  years,  in  5-year 
increments.  In  the  analysis,  consideration  has  been  given  to 
anticipated  future  trends  and  events  which  would  affect  the  Coast 
Guard’s  surveillance  requirements,  as  well  as  Coast  Guard  Objectives 
and  Operating  Programs.  Through  the  use  of  a mathematical  model 
(Requirements  Model),  the  relative  importance  of  each  of  the 
identified  future  surveillance  requirements  has  been  evaluated.  The 
net  output  of  this  evaluation  is  a list  of  time-phased,  weighted  and 
ranked  surveillance  requirements  aggregated  by  Program,  and  overall. 
The  entire  analytical  procedure  and  results  of  this  part  of  the  study 
are  contained  in  Volume  1,  Chapters  2-7.  Substantiating  data  are 
provided  in  nunerous  appendices  in  Volume  2. 

During  thi3  phase  of  the  analysis,  the  study  team  also 
considered  the  second  objective:  to  provide  a forecast  of  possible 
surveillance-related  Program  Standards  where  sufficient  confidence 
exists  to  predict  a future  value.  An  examination  of  current  Program 
Standards  reveals  that  there  are  no  current  standards  that  fall 
wholly  into  the  class  of  "surveillance-related."  That  is.  Program 
Standards  are  management-oriented,  and  surveillance  is  an  integral 
part  of  many  standards,  yet  the  surveillance  aspect  is  only  a part, 
and  sometimes  an  indistinguishable  (or  implicit)  part  of  a Program 
Standard  for  an  Operating  Program.  Because  of  the  nature  of  Program 
Standards,  the  study  team  felt  that  any  attempt  to  define  new  Program 
Standards  would  be  counterproductive,  and  that  the  results  of  such  an 
effort  would  not  be  useful  to  the  Coast  Guard.  Chapter  3 of  this 
report  discusses  the  issue  of  Program  Standards  in  more  depth. 

The  third  objective  of  the  study  was  to  develop  a Coast  Guard 
surveillance  R&D  Program,  which  would  satisfy  the  surveillance 
requirements,  identified  in  Part  I,  most  effectively.  Tie  analysis 
commenced  with  an  evaluation  of  technologies  potentially  available 
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dui  inq  the  time  frame  of  interest  Candidate  technologies  were 
evaluated  to  determine  theli  capabilities,  3fat.e  of  development  and 
pace  of  development  , e compai ison  (gap  analysis)  of  the  efficacy  of 
♦ he  technologies,  a-  cun-n>tly  applied  anti  potentially  available,  in 
meeting  the  most  important  surveillance  requirements  identified  in 
Part  l was  employed  to  determine  the  relative  importance  of  the 
technologies  tor  Coast  Guard  research  and  development,  l’he  Ktu 
program  has  been  structured  utilizing  the  output  of  the  gap  analysis 
and  insights  gained  during  the  evaluation  of  technologies.  The 
analysis  in  this  pfva.se  is  presented  in  Part  11  of  Volume  1,  Chapters 
8-12.  Numerous  appendices  in  Volumes  2 and  } provide  more  detailed 
informat  ion  on  specif h technologies,  etc  tvery  effort  has  been  made 
to  presen*  the  report  in  unclassified  form.  All  classified  material 


is  separately  bound  in  volume  1. 
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PART  1 - SlIKVEl  I JANCE  RETIREMENTS 


CHAPTER  2 - OVERVIEW  OF  REQUIREMENTS  DEVELOPMENT 

This  chapter  presents  j broad  overview  oi  the  approach  taken  in 
developing  a list  of  future  Coast  Guard  surveillance  requirements. 
Detailed  discussions  of  the  analysis  and  results  are  contained  in 
Chapters  3 through  7. 

The  purpose  of  this  analysis  was  to  develop  a list  of  major 
Coast  Guard  surveillance  requirements  in  the  context  of  the  future 
environment.  The  goal  was  to  obtain  a list  of  surveillance 
requirements  with  each  entry  weighted  according  to  its  importance  to 
U.S.  Coast  Guard  goals  and  programs,  and  the  future  demands  which 
might  be  placed  upon  the  Service  In  this  area.  1\>  this  end,  a systems 
approach  (Figure  2-1)  to  requirements  development  lias  been  taken, 
with  a mathematical  model  at  the  core,  to  allow  for  incorporation  of 
all  these  significant  internal  and  external  factors.  Current 
surveillance  requirements  and  operations,  and  future  developments 
(trends  and  events),  provide  inputs  to  the  model?  outputs  are 
weighted,  ranked,  and  time-phased  future  surveillance  requirements. 

Three  major  tasks  wine  involved  in  this  phase  ot  tin?  analysis. 

1.  Review  of  Current  Surveillance  Requirements 

2.  Evaluation  of  Future  Developments 

3.  Quantitative  Evaluation  ot  Future  Surveil lance  Requirements 
Each  of  these  tasks  is  discussed  below  briefly. 

Review  of  Current  Surveillance  Requirements.  Current  Coast 
Guard  operations,  described  by  surveil lance-related  Program  Standards 
tor  Operating  Programs,  provide  the  trasis  for  the  Requirements  Model. 
Beqinnlnq  with  definitions  ot  necessary  terms.  Chapter  1 develops  a 
taxonomy  of  current  surveillance  requirements.  The  resulting  baseline 
list  of  current  surveillance  requirements  by  Program,  and  across 
Programs,  provides  a structure  tor  developing  future  surveillance 
requirements,  and  a basis  for  the  gap  analysis  in  Part  11  of  the 
study. 


Evaluation  ot  Future  Developments.  The  nature  of  future  trends 
and  events  may  strongly  affect  (or  change)  U.S.  Coast  Guard 
surveillance  requirements  over  the  next  25  years.  Consideration  of 
these  external  forces  Is  essential  to  assure  that  the  proposed  RfcD 
program  is  responsive  to  changing  demands.  The  surveillance 
implications  of  future  trends  and  events,  developed  in  previous 
futures  studies  for  the  Coast  Guard,  are  explored  in  Chapters  4 and 
5.  After  filtering  clearly  extraneous  trends  and  events  (i.e.,  those 
irrelevant  to  surveillance),  the  impacts  on  Coast  Guard  Objectives  of 
a set  of  events  are  assessed  in  Chapter  4 to  assure  that  the  events 
selected  would  affect  the  Service  if  they  occurred.  New  Coast  Guard 
activities  and  associated  surveillance  requirements  derived  from  the 
events  are  also  identified  by  omparing  surveillance  needs  generated 
by  events  to  current  surveillance  requirements.  The  probability  of 
occurrence  of  each  of  the  events  in  this  set  is  then  estimated,  in 
Chapter  5,  by  a modified  Delphi  procedure  in  order  to  phase  the 
impacts  of  the  events  on  surveillance  requirements  over  the  next  25 
years  in  5-year  increments. 

Quantitative  Evaluation  of  Future  Surveillance  Requirements.  The 
foregoing  analysis  provides  the  basis  for  developing  a list  of  future 
surveillance  requirements.  Since  the  ultimate  target  of  the  study  was 
to  develop  a time-phased  R&D  program,  it  was  essential  to  devise  a 
technique  to  allow  the  study  team  to  weight  each  future  surveillance 
requirement  so  that  the  RfcD  program  proposed  focused  on  the  most 
critical  (or  most  Important)  future  surveillance  requirements.  To 
accomplish  this,  the  study  team  devised  a scoring  model,  referred  to 
in  the  3tudy  and  flow  chart  us  The  Requirements  Model.  Variables  and 
relationships  developed  in  Chapters  1 and  4 are  integrated  to  produce 
a quantitative  measure  of  the  importance  of  each  surveillance 
requirement  in  each  5-year  increment.  The  Requirements  Model  is 
described,  verbally  and  mathematically,  in  Chapter  b.  The  weighting 
or  scoring  of  certain  variables,  which  are  necessary  in  describing 
the  mathematical  chain  of  effects  from  event  occurrence  to 
surveillance  requirement,  is  also  fully  explained. 

Requirements  Model  outputs  are  presented  and  analyzed  in 
Chapter  7.  By  exercising  the  model  for  each  of  the  5-year  increments. 


a picture  of  changes  in  future  surveillance  requirements  is  obtained 
for  each  derating  Program  and  across  all  Programs.  The  output  of  the 
Requirements  Model  (time-phased,  weighted,  and  ranked  surveillance 
requirements)  provides  a basis  for  assessing,  in  Part  II,  the 
relative  merits  of  technologies  in  satisfying  future  surveillance 
requirements. 
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CHAPTER  3 - CURRENT  SURVEILLANCE  REQUIREMENTS 

A study  to  identify  surveillance  technologies  warranting 
research  and  development  effort  properly  starts  with  consideration  of 
operational  surveillance  requirements.  Establishment  of  current  Coast 
Guard  surveillance  requirements  ha3  been  initiated  by  the  MAR  study* 
based  on  a review  of  published  Operating  Program  Standards. 

The  MAR  study  searched  Coast  Guard  documents  and  extracted  all 
available  information  pertinent  to  surveillance-related  Operating 
Program  Sturdards  and  performance  levels.  While  the  information 
obtained  provides  a sound  foundation  for  initially  planning  a 
multimission  surveillance  RfcD  program,  surveillance  needs  are 
interwoven  with  other  needs  (such  as  deterrence)  in  the  language  and 
concepts  of  Operating  Program  Standards.  This  is  to  be  expected  since 
Program  Standards  and  performance  levels  are  management-oriented 
expressions  for  the  efficient  allocation  and  use  of  existing 
resources  to  satisfy  the  total  objectives  of  Operating  Programs.  As  a 
result,  needs  which  are  purely  surveillance  can  become 
indistinguishable  from  other  needs.  An  ELT  Program  Standard  provides 
a typical  example:2 

Description  Vessel  Days  WPB  Days  A/C  Hours 

Detect/Deter  95%  of  Foreign  2719  210  9032 

Violations  of  laws  and  10  SRR 

Treaties  Involving  Fisheries 

"Detect"  implies  surveillance  (but  only  partially;  inspection  of  logs 
and  records  and  instruction  for  their  proper  maintenance  are  not 
surveillance  functions  although  they  are  p>art  of  the  "detect" 
process).  "Deter"  does  not  imply  surveillance,  although  the  presence 
of  a surveillance  platform  (cutter  or  aircraft)  may  act  as  a 
deterrent  to  illegal  activity. 

The  MAR  study  applied  a liberal  interpretation  of  surveillance 
implications  of  Program  Standards  and  identified  11  Operating 
Programs  having  surveillance  requirements  (Table  3-1).  Because  of  the 
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TABLE 

3-1. 

COAST  GUARD  OPERATING  PROGRAMS  WITH  SURVEILLANCE 
REQUIREMENTS 

AN 

- 

Short  Range  Aids  to  Navigation 

BA 

- 

Bridge  Administration 

CVS 

- 

Commercial  Vessel  Safety 

ELT 

- 

Dif  or  cement  of  Laws  and  Treaties 

u 

10 

- 

Ice  Operations 

f 

MEP 

- 

Marine  Environmental  Protection 

! 

MO/MP 

- 

Military  Operations/Preparedness 

MSA 

- 

Marine  Science  Activities 

; 

PSS 

- 

Port  Safety  and  Security 

BBS 

- 

Recreational  Boating  Safety 

f.' 

SAP 

— 

Search  and  Rescue 

1 

ambiguities  mentioned  above,  b pages  of  questions  seeking  necessary 
clarification  by  program  managers  were  also  framed.  The  present  study 
has  proceeded  with  responses  to  these  questions  still  outstanding. 

Selection  of  programs  with  surveillance  requirements  is  further 
complicated  where  the  sensing  necessary  to  meet  particular  Program 
Standards  may  or  may  not  be  performed  remotely.  Tests  or  inspections 
which  cannot  be  performed  remotely  are  generally  excluded  as 
surveillance  requirements  but,  since  future  technology  may  permit 
remote  performance  of  sxne  of  these  tests  or  inspections,  the  list  of 
Operating  Programs  with  surveillance  requirements  developed  in  the 
MAR  study  has  been  retained  for  the  present  study. 

Accepting  these  11  Operating  Programs,  it  is  necessary  to  better 
define  "surveillance."  This  is  not  a straightforward  task,  however, 
since  the  term  is  employed  in  various  ways  to  suit  the  needs  of 
particular  users.  A dictionary  definition  "the  act  of  watching  or  the 
state  of  being  watched;  a very  close  watch;  a spying  supervision"-*  is 
not  very  useful.  Since  the  term  is  frequently  used  in  a military 
context , the  POD  Dictionary  of  Military  and  Associated.  Terms  (JCS 
Pub.  Mo.  1)  has  been  consulted,  but  here  again  the  definition  is 
imprecise.  The  expression  "systematic  observation,"  however,  does 
appear  more  than  once  amonq  the  surveillance  entries. 

A nunber  of  terms  with  surveillance  implications  has  been  used 
by  Coast  Guard  program  managers  in  describing  Operating  Program 
Standards4.  In  searching  Program  Standards  for  those  which  are 
related  to  surveillance,  a list  of  terms  has  been  developed,  nanely: 
detect,  locate,  identify,  observe,  patrol,  and  monitor.  Nowhere, 
however,  have  these  terms  been  defined. 

Lacking  generally  accepted  definitions,  a conce  pt  of 
surveillance  which  is  useful  to  the  study  has  had  to  be  developed.  It 
appears  that  "surveillance"  essentially  means  "detection,"  i.e.,  the 
act  of  determining  the  presence  or  absence  of  something  of  interest 
to  the  observer.  A level  of  importance  or  significance  also  attaches 
to  surveillance  depending  upon  the  perspective  of  the  observer.  For 
instance,  if  a vessel  is  the  object  of  interest,  determination  of  the 
presence  or  absence  of  a vessel  is  of  first  importance;  given  that  a 
vessel  is  present,  the  observer  next  considers  a second  level  of 


importance,  such  as  detection  of  some  feature  or  characteristic  which 
will  establish  the  nationality  of  the  vessel;  given  the  presence  of  a 
vessel  flying  the  certain  flag,  observer  interest  turns  to  other 
matters,  a third  level  of  importance,  such  as  detecting  something 
else  which  will  identify  the  vessel  by  type.  However,  the 
surveillance  act  performed,  at  whatever  level  of  importance,  may  be 
thought  of  as  detection. 

The  concept  that  surveillance  means  detection  has  greatest 
usefulness  when  surveillance  technologies  are  considered.  When 
considering  surveillance  requirements  expressed  by  program  managers, 
however,  the  concept  may  not  be  so  useful  because  it  conflicts  with 
the  broader  terminology  in  general  use.  For  purposes  of  the  present 
study,  surveillance  requirements  are  categorized  according  to  the 
following  Surveillance  Functions: 

o Detect  - to  determine  the  presence  or  absence  of  the 
feature  which  is  most  significant  or  primary  to  the 
program  activity. 

o Locate  - to  determine  the  position  of  the  thing  of 
interest  relative  to  the  detection  device  in  terms  of 
range,  bearing,  or  vertical  angle;  determination  of 
geographical  position  is  also  included  although  this  is 
strictly  the  function  of  a non-surveillance  system  or 
equipment. 

o Identify  - to  detect  features  of  secondary  significance 
which  describe  the  primary  feature  in  terms  of  "who"  or 
"what". 

o Observe  - to  detect  features  of  tertiary  significance, 
i.e.,  necessary  amplifying  information. 

These  four  functions  appear  in  the  list  of  terms  describing  Program 
Standards  mentioned  above.  The  two  remaining  terms,  "monitor"  and 
■patrol",  are  not  used  in  this  study.  It  seems  quite  clear  that 
"monitor"  implies  detection  integrated  with  time,  i.e.,  detect  again, 
or  detect  periodically,  or  detect  continuously.  The  function  to  be 
performed,  whether  once  or  frequently,  is  to  detect;  "monitor"  is 
therefore  redundant.  The  final  term  "patrol"  is  ambiguous;  it  implies 
the  action  of  a vehicle  carrying  detection  devices  rather  than  any 
specific  surveillance  function. 
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A Surveillance  Function  alone  does  not  adequately  describe  a 
surveillance  requirement,  lb  complete  a statement  of  requirement,  the 
Function  (a  verb)  needs  an  object,  defined  in  the  present  study  as  a 
Surveillance  Information  Element  (SIE)  . A Surveillance  Function  and 
an  SIE,  taken  together,  comprise  a surveillance  requirement.  SlEs 
have  been  developed  for  each  Function.  The  resulting  taxonomy  of 
surveillance  requirements  (Table  3-2)  incorporates  both  current  SIEs 
and  future  SIEs  identified  in  later  chapters. 

With  surveillance  requirements  in  clearer  focus,  attention  can 
now  be  turned  to  their  application  to  current  Coast  Guard  operations, 
i.e.,  to  the  11  Operating  Programs  previously  identified.  Each 
Operating  Program  consists  of  a number  of  related  but  distinct 
operations  or  activities;  some  of  these  operations  are 
surveillance-related,  some  are  not.  Search  activities  of  the  SAR 
Program,  for  instance,  are  manifestly  surveillance-related,  although 
rescue  activities  are  not.  Distinct  surveillance-related  operations 
are  designated  Program  Activities  in  this  study.  Current  Program 
Activities  have  been  derived  from  various  sources,  principally 
references  43  and  45.  Current  Program  Activities  are  listed  and 
briefly  described  in  Table  3-3. 

A structure  and  summary  of  current  surveillance  requirements  is 
given  in  Table  3-4.  The  table  describes  each  current  surveillance 
requirement  in  terms  of  Operating  Program,  Program  Activity, 
Surveillance  Function  and  SIE.  By  looking  at  all  entries  for  each 
Program  Activity,  a complete  qualitative  picture  of  current 
surveillance  requirements  may  be  obtained. 

To  summarize,  current  Operating  Program  Standards  and  other 
docunents  have  been  reviewed  in  order  to  establish  a baseline 
structure  for  use  in  investigating  future  surveillance  requirements. 
Operating  Programs  with  surveillance  requirements  have  been 
identified.  Within  these  Programs,  surveillance-related  operations 
have  been  Isolated  and  termed  Program  Activities.  Surveillance 
Functions  (detect,  locate,  identify,  observe)  have  been  defined,  and 
a list  of  Surveillance  Information  Elements  (SIEs)  has  been 
developed.  A surveillance  requirement  has  been  defined  as  a 
Surveillance  Function  plus  an  SIE.  Finally,  a current  surveillance 


TABLE  3-2 


SURVEILLANCE  FUNCTIONS,  SURVEILLANCE  INFORMATION  ELEMENTS  (SlEs) , 

AND  SIE  CODES 


SIE  COPE 
001 
002 

003 

004 

005 

006 

007 

008 

009 

010 

011 

012 

013 

014 

015 

016 

017 

018 

019 

020 
021 

022 

023 

024 

025 


SURVEILLANCE  FUNCTION:  DETECT 
SIE  DESCRIPTION 

Airborne  Aircraft,  Missile,  Airship 
Large  Vessel  (150'  +) 

Medium  Sized  Vessel  (40'  - 150') 

Small  Vessel  (16*  - 40'),  Metal  Buoy,  Visible  Object  (Beacon), 

Large  Iceberg,  Afloat  Seaplane 

Man  in  Water,  Non-Metal  1 lc  Buoy,  Fish  Trap  Marker,  Growler, 

Ditched  Aircraft 
Ice  Field,  Ice  Jam 
Solid  Pollutant,  Tarball 
Diver  (Underwater  Swimmer) 

Small  Submerged  Submersible,  Mine,  Sunken  Vessel 

Large  Submerged  Submarine 

Sea  Bottom 

Sea  Surface 

Liquid  Pollutant 

Caseous  Pollutant 

Electromagnetic  Emission:  Radio  (10  kHz  - 30  GHz) 

Electromagnetic  Emission:  Radar  (200-30,000  MHz) 

Electromagnetic  Emission:  Infrared  (1-400  THz)  (300  - 0.75  micron) 
Electromagnet ic  Emission:  Light  (400-750  THz) (0.75  - 0.4  micron) 
Sound  Emission  in  Air 
Sound  Emission  in  Water 

Nuclear  Radiation:  Alpha  and  Beta  Particles,  Gamma  Rays 

SURVEILLANCE  FUNCTION:  LOCATE 
Range  or  bearing 
Range  and  bearing 
Altitude  or  depth 
Geographical  position 
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TABLE  J-2.  (Continued). 


SURVEILLANCE  FUNCTION:  IDENTIFY 


SIE  CODE 


SD  DESCRIPTION 

Name  or  Identifying  number 

Flag  (US  or  foreign) 

Friend  or  foe 


Color 

Shape 

Frequency 

Characteristic  Code 

SURVEILLANCE  FUNCTION:  OBSERVE 
Structural  Integrity 
Audible/vis ible/radar  range 
Visibility  arcs 

Movement  of  object  of  interest 

Transmission  time  schedule 

Number  of  objects  per  time  interval 

Fishing  activity 

Fishery  support  operations 

Suspicious  activity:  Hovering 

Suspicious  activity:  Transferring  cargo 

Suspicious  activity:  Fleeing 

Suspicious  activity:  Discharging  pollutant 

Hostile  Activity 

Hazardous  activity 

Fish  Catch:  Species 

Fish  Catch:  Fish  Size 

Fish  Catch:  Quantity 

Contraband:  Chemical,  Biological,  Radiological  Devices 

Contraband:  Drugs 

Contraband:  Weapons  and  Munitions 

Illegal  Aliens 

Ice  Thickness 

Size  of  object 

Area  covered  by  object (s)  of  interest 
Seas  and  Swells:  Height 


TABLE  3-2.  (Continued). 


■ 

SIE  CODE 

059 

060 
061 
062 

063 

064 

065 

066 

067 

068 

069 

070 

071 


SURVEILLANCE  FUNCTION:  OBSERVE 
SIE  DESCRIPTION 
Seas  and  Swells:  Period 
Profiles:  Depth  vs  Temperature 
Profiles:  Depth  vs  Salinity 

Surface  Weather:  Temperature 
Surface  Weather:  Pressure 
Surface  Weather:  Humidity 
Cloud  Type 
Wind  Velocity 

Nature  of  Distress:  Disabled  or  Injured 
Nature  of  Distress:  Afire 
Nature  of  Distress:  Sinking 
Nature  of  Distress:  Aground 
Nature  of  Distress:  Sunk 


TA3LE  3-3.  CURRENT  SURVEILLANCE-RELATED  PROGRAM  ACTIVITIES 
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NOTES  FOR  CHAPTER  3 


1.  Reference  44. 

2.  Reference  44,  Table  3-'i. 

3.  Reference  14. 

4.  Reference  44,  page  2-1. 


CHAPTER  4 - FUTURE  EVQfTS:  IMPACT  ON  THE  COAST  GUARD 


An  assessnent  of  future  surveillance  requirements  necessitates  a 
view  or  construct  of  what  the  future  holds.  Given  the  present  state 
of  the  forecasting  art,  only  glimpses  of  the  future  are  possible.  The 
Commandant ' s Long  Range  View*  and  a number  of  recent  independent 
futures  studies^  performed  for  the  Coast  Guard  provide  the  basis  for 
deriving  future  surveillance  requirements.  Drawing  on  these  sources, 
considerable  pains  have  been  taken  to  develop  a set  of  events  which, 
if  not  exhaustive  (an  impossible  goal),  is  at  least  representative  of 
a plausible  future.  In  this  chapter  the  development  of  a set  of 
events  and  the  impacts  of  their  occurrence  is  undertaken;  timing  and 
probabilities  of  occurrence  are  treated  in  Chapter  5. 

The  references  cited  above  have  been  searched  in  order  to 
develop  a set  of  trends  and  future  events  which  are  relevant  to  both 
the  Coast  Guard  and  its  surveillance  requirements.  The  unshaded 
portion  of  Figure  4-1,  a flow  chart  of  the  process,  shows  the 
development  beginning  at  the  upper  left.  Trend  information  has  been 
filtered  and  assembled  first  according  to  its  nature  (technological, 
economic,  political,  societal,  environmental),  and  then  by  domain 
(international,  national,  marine).  The  objective  has  been  to  produce 
a set  of  trends  which  is  broad  in  nature  but  focused  on  the  marine 
domain,  since  it  is  in  the  marine  domain  that  surveillance 
requirements  are  generated.  A list  of  trends,  with  sources  cited,  is 
given  in  Appendix  A.  - 

Although  the  impact  of  the  future  on  Coast  Guard  surveillance 
requirements  is  treated  in  the  present  study  in  terms  of  events 
rather  than  trends,  the  trend  development  is  necessary  since  it 
provides  the  background  and  source  of  a class  of  events  which  may  be 
described  as  trend  thresholds,  or  points  on  a trend  line.  It  is  also 
possible  to  conceive  of  another  class  of  events:  occurrences  which 
are  independent  of  recognized  trends,  such  as  accidents  or  natural 
disasters.  Both  classes  of  events  have  been  included  in  the  selection 
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process.  Event  selection  criteria,  shown  in  Table  4-1,  have  been 
applied  as  a gross  filtering  process  to  reduce  the  several  hundred 
events  contained  in  the  sources  to  95. 

significance  of  events  satisfying  the  event  criteria  ha3 
been  assessed  by  means  of  a scoring  model  by  asking  how  much  the 
occurrence  of  each  event  would  affect  the  Coast  Guard  workload 
necessary  to  satisfy  each  of  the  seven  Coast  Guard  Objectives.  A 
panel  of  FI  staff  members  ha3  made  these  estimates  according  to  the 
following  scale  (where  positive  values  imply  a workload  increase, 
negative  values  a decrease): 

0 - Negligible  effect 

♦ 1 • anal 1 effect 

♦ 4 - Moderate  effect 

♦ 8 - Major  effect 

A sample  scoring  model  work  form  is  given  in  Figure  4-2.  The  total 
score  for  each  event  i3  obtained  by  summing  over  all  objectives  the 
score  for  each  objective  times  the  normalized  objective  weight,  which 
is  a Coast  Guard-assigned  importance  estimate-*.  These  totals  for  all 
events  are  then  normalized  to  1000,  i.e.,  after  normalization  the 
total  son  of  all  event  scores  equals  1000. 

The  purpose  of  this  scoring  model  is  two-fold:  first,  to  obtain 
a measure  of  the  importance  of  each  event  to  the  Coast  Guard,  and 
second,  *-o  assure  «hat  a representative  set  of  future  events  has  been 
obtained.  Reasoning  that  since  the  Coast  Guard  Objectives  are  very 
broad  and  that  they  collectively  encompass  the  Coast  Guard's  total 
area  of  concern,  the  distribution  of  scores  among  the  objectives 
should  be  approximately  uniform.  As  may  be  seen  in  Figure  4-3,  this 
has  been  achieved  reasonably  well  except  tor  Objective  C,  the 
military  readiness  objective.  The  poor  showing  of  Objective  C is 
partially  explained  by  the  assumption  employed  in  the  study  that  no 
general  war  will  occur.  Another  reason  may  be  that  the  objective 
statements  do  not  adequately  reflect  the  support  that  they  derive 
from  the  military  character  of  the  Service.  Ch  balance,  however,  the 
set  of  events  is  considered  to  be  adequate  for  present  purposes. 


TABLE  4-1.  CRITERIA  FOR  CHOOSING  EVENTS  FOR  ANALYSIS 


1.  TIMELINESS:  THE  NEARER  THE  OCCURRENCE  OF  THE  EVENT, 

THE  MORF.  IMPORTANT  THE  EVENT  Bl 
INCLUDED. 


2.  PROBABILITY:  THE  HIGHER  THE  PROBABILITY  OF  OCCURRENCE, 

THE  MORE  IMPORTANT  THE  EVENT  BE  INCLUDED. 


3.  IMPORTANCE  AS  A TREND:  THE  MORE  DOMINANT  AND  RELEVANT  THE  EVENT 

IS  AS  AN  INDICATOR  OF  BROAD  AND  MAJOR 
SOCIETAL  CHANGE,  THE  MORE  IMPORTANT  IT 
IS  FOR  ANALYSIS. 


4.  IMPORTANCE  TECHNOLOGICALLY:  THE  MORE  PROMINENT  AND  RELEVANT  THE  EVENT 

IS  AS  AN  INDICATOR  OF  MAJOR  TECHNOLOGICAL 
INNOVATION,  THE  MORE  IMPORTANT  IT  IS  FOR 
ANALYSIS. 


5.  PRECISENESS  OF  EVENT:  THE  STATEMENT  OF  THE  EVENT  MUST  BE 

SUFFICIENTLY  PRECISE  TO  CONVEY  ITS 
MEANING  AND  TO  ENABLE  ITS  OCCURRENCE 
TO  BE  RECOGNIZED. 


6.  RELEVANCE  TO  MARINE  POLICY:  THE  MORE  RELEVANT  THE  EVENT  IS  TO  PRESENT 

AND  POTENTIAL  MARINE  APPLICATIONS,  THE 
MORE  IMPORTANT  IT  IS  FOR  ANALYSIS. 

| 

7.  MAGNITUDE  OF  IMPACT:  THE  GREATER  THE  LIKELY  MAGNITUDE  OF  THE 

IMPACT  OF  THE  EVENT  ON  THE  COAST  GUARD 
AND  ON  COAST  GUARD  SURVEILLANCE  REQUIRE- 
MENTS, THE  MORE  IMPORTANT  IT  IS  FOR 
ANALYSIS. 
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EVENT  SIGNIFICANCE 


Event  No. 

Protocol:  How  much  would  the  occurrence  of  this  event  affect 
the  Coast  Guard  workload  necessary  to 
satisfy  Objective  ? 

EVENT:  There  will  be  underwater  parks  equipped  with  underwater 

observation  posts,  underwater  resturants,  underwater 
promenades,  underwater  monorails,  and  submarine  tourist 

vessels. 

Objective 

Score 

OBJECTIVE  A - 

(Weight  - 30) 

To  minimize  loss  of  life,  personal 

injury,  and  property  damage  on,  over, 

and  under  the  high  seas  and  waters 

subject  to  United  States'  jurisdiction  ^ 

*T 

no 

OBJECTIVE  B - 

(Weight  - 15) 

To  facilitate  waterborne  activity  in 
support  of  national  economic,  scientific 
defense,  and  social  needs 

OBJECTIVE  C - 
(Weight  ■ 10) 


OBJECTIVE  D - 
(Weight  “ 15) 

OBJECTIVE  E - 
(Weight  ■ 15) 


OBJECTIVE  F - 
(Weight  - 10) 

OBJECTIVE  G - 


(Weight  » 5) 


To  maintain  an  effective,  ready  armed 
force  prepared  for  and  immediately  re- 
sponsive to  specific  tasks  in  time  of 
war  or  emergency 


To  assure  the  safety  and  security  of 
vessels  and  of  ports  and  waterways 
and  their  related  shoreside  facilities 

To  enforce  federal  laws  and  interna- 
tional agreements  on  and  under  waters 
subject  to  the  jurisdiction  of  the 
United  States  and  on  and  under  the 
high  seas  where  authorized 

To  maintain  or  improve  the  quality 
of  the  Marine  Environment 

To  cooperate  with  other  Governmental 
agencies  and  entities  (Federal, 

State,  and  Local)  to  assure  ef- 
ficient utilization  of  public 
resources  and  to  carry  out  acti- 
vities in  the  international  sphere 
where  appropriate  in  furthering 
national  policy 


f o 


20 


TOTAL 


330 


FIGURE  4-2.  EVENT  SCORING  MODEL  WORK  FORM 
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Coast  Guard  surveillance  requirements  has  not  yet  been  established. 
This  has  been  done  in  simple  binary  (yes  or  no)  fashion  by  arraying 
the  events  against  the  11  Programs  with  surveillance  requirements. 
Events  which  v^uld  not  affect  any  of  these  Programs  were  rejected  at 
this  point. 

The  surviving  set  of  62  events  is  shown  in  Table  4-2.  In  this 
table  scores  for  each  event  for  each  Coast  Guard  Objective  are  given, 
as  well  as  the  weighted  total  score  ("Total"  column)  and  the 
normalized  weight  for  each  event  ("Norm  Wt  A"  column).  In  other 
words.  Table  4-2  summarizes  the  results  of  the  Event  Scoring  Model 
(Figure  4-2)  as  discussed  on  page  28. 

For  those  Proqrams  which  would  be  affected  by  the  occurrence  of 
any  event,  a further  question  is  asked:  Which  Program  Activities 
would  be  affected  and  to  what  extent?  The  + 8,  + 4,  + 2,  0 scoring 
scheme  has  again  been  used  in  this  scoring  model. 

In  cases  where  the  occurrence  of  an  event  would  affect  a Program 
but  no  appropriate  Program  Activity  currently  exists,  new  (i.e., 
future)  Program  Activities  have  been  identified  and  are  listed  below. 
New  Program  Activities  and  their  constituent  surveillance 
requirements  are  given  in  Table  4-3. 


Program 

Future  Program,  Activity 

PAr  Code 

CVS 

Undersea  Structure  Inspection 

14 

Undersea  Pipeline  Inspection 

15 

ELT 

!)ndersea  Mining  Surveillance 

23 

MEP 

International  Pollution 

Surveillance 

42 

PSS 

Offshore  Asset  Protection 

80 

SAP 

Underwater  Search 

92 

In  this  chapter. 

a set  of  major  trends  has  been  developed 

which  a rather 

large  set  of  future  events  has  been  derived. 

events  have  been 

subjected  to  several  filters  and 

a scoring  i 

(thereby  reducing 

the  number)  to  weight  the 

impact  of 

occurrence  on  the  Coast  Guard  and  to  assure  that  a representative  set 
of  events  has  evolved.  Coast  Guard  Programs  which  would  be  affected 


32 


TABLE  4-2.  PRELIMINARY  LIST  OF  SCORED  AND  WEIGHTED 
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TABLE  4-1.  (Continued) . 


by  the  occurrence  of  these  events  have  been  identified  and  event 
impacts  on  current  and  future  Program  Activities  have  been  assessed. 
Tt  should  be  noted  that  the  development  thus  far  has  been  independent 
of  time,  i.e.,  the  occurrence  of  all  events  has  been  presumed. 
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NOTES  POK  CHAPTER  4 


1.  Reference  42,  Enclosure  (1). 

2.  References  4-6,  9-11. 

3.  Cited  in  Reference  11,  Page  9. 
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CHAPTER  5 - FUTURE  EVENTS:  PROBABILITIES  OF  OCCURRENCE 


Development  of  a set  of  future  events  and  assessment  of  their 
impacts  on  the  Coast  Guard  has  been  discussed  in  Chapter  4 based  on 
the  assumption  that  all  events  occur.  The  purpose  of  Chapter  5 is  to 
describe  the  means  by  which  this  assumption  has  been  relaxed  so  that 
time  may  be  introduced  into  the  analysis.  Since  the  goal  is  a 
surveillance  R&D  program  phased  over  the  next  25  years,  timing 
considerations  are  essential  to  the  analysis. 

The  premise  is  that  the  R&D  program  should  be  related  in  time  to 
the  ^mergence  of  new  surveillance  requirements  which  are  implied  by  a 
set  of  future  events.  Furthermore,  it  is  not  the  occurrence  of  an 
event  which  drives  R&D  planning,  but  rather  the  probability  of  such 
occurrence.  In  other  words,  the  essence  of  planning  is  to  anticipate 
and  prepare  for  future  eventualities?  research  and  development  should 
begin  before  the  operational  need  for  new  systems  and  equipment 
becomes  acute.  Estimates  of  the  probability  of  occurrence  of  each  of 
the  events  are  therefore  required.  A modified  Delphic  procedure  has 
been  employed  for  this  purpose. 

Delphi  is  a name  which  is  applied  rather  loosely  to  a group  of 
methods  or  techniques  for  eliciting  judgments  in  such  a way  that 
systemic  biases  introduced  by  psychological  factors  relating  to  groip 
behavior  are  minimized.  In  a classical  Delphi  a group  of 
knowledgeable  individuals  (experts),  unknown  to  each  other,  are  asked 
(by  mail)  to  respond  to  a set  of  questions.  After  individual 
responses  are  tabulated,  the  group  response  is  displayed  and  returned 
to  the  respondents  who  are  given  an  opportunity  to  change  their 
estimates  and  explain  the  reasons  for  their  estimates.  This  process 
is  repeated  until  successive  changes  in  the  group  response  become 
insignificant.  This  usually  occurs  by  the  fourth  round  of 
interrogations.  The  process  obviates  such  influences  as  oratorical 
salesmanship,  specious  arguments,  and  the  bandwagon  effect.  It  also 
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assures  that  all  points  of  view  are  heard,  and  it  documents  the 
proceedings  in  an  objective  manner.  Such  a procedure,  however, 
requires  time;  six  months  is  an  absolute  minimun  and  a year  is  more 
real ist ic^ . 

l,ackinq  adequate  time  tor  a classical  Delphi,  a modified 
procedure  has  been  adopted.  A conference  rather  than  correspondence 
has  been  employed.  However,  the  psychological  influences  mentioned 
above,  which  are  inherent  in  conferences,  have  largely  been  avoided 
by  the  use  of  an  electronic  tallying  device  called  a Consensor . This 
device,  which  is  briefly  described  in  Appendix  C,  preserves  anonymity 
in  the  votinq  process  and  permits  intnevliate  display  of  responses  to 
each  question  posed. 

The  event  list  (Table  1-1,  which  is  a rearrangement  of  Table 
4-2)  constituted  Ahe  agenda  for  the  conference.  The  events  were 
considered  by  the  group  in  order  of  their  importance  to  the  Coast 
Guard.  The  panelists  were  not  told,  however,  that  the  listing  was  in 
order  of  importance. 

Selection  of  panelists  is  an  important  consideration  in  the 
conduct  of  any  Delphic  procedure.  A review  of  the  event  list 
indicates  *he  following  broad  areas  of  concern:  marine  vessels, 
offshore  development,  commerce,  energy,  and  political-international, 
societal,  and  environmental  matters.  Selection  of  panelists  was 
governed  by  the  following  criteria: 

o expertise  in  one  or  more  of  the  areas  of  concern  cited  above 

o availability  in  the  greater  Washington  area 

o availability  on  the  date  selected  for  the  Delphi  conference 
(December  4,  1978). 

Approximately  21  individuals  were  contacted  and  agreed  to 
participate  in  the  Delphi.  Of  these,  six  could  not  attend  the 
conference  but  agreed  to  participate  by  mail.  Roughly  half  the 
panelists  were  officer  and  civilian  personnel  from  Coast  Guard 
Headquarter s.  A list  of  participants  and  their  affiliations  is  given 
in  Table  1-2. 

Recognizing  the  need  to  deal  with  the  probability  of  occurrence 
of  an  event  over  time,  and  that  only  two  or  three  estimates  could  be 
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TABLE  5-1.  DELPHI  EVENT  LIST 


TABLE  5-1.  (Continued). 


TABLE  5-2.  DELPHI  PARTICIPANTS 


Coast  Guard  Headquarters 

Office  of  the  Chief  of  Staff 

Office  of  Public  and  International 
Affairs 

Office  of  Boating  Safety 

Office  of  Research  and  Development 

Office  of  Merchant  Marine  Safety 

Office  of  Operations 

Office  of  Marine  Environment  and 
Systems 


Department  of  Commerce 

Maritime  Administration 

Library  of  Congress 

Charles  W.  Williams,  Inc. 

U.  S.  Congress 

A 

Mail  participants. 


Mr.  Alvin  Temin 

Plans  Evaluation  Division 

Mr.  Gerard  P.  Yoest 
International  Affairs  Division 

Capt.  J.  E.  Coulter 
Technical  Division 

Capt.  R.  T.  Platt,  Jr. 

Deputy  Office  Chief 

Mr.  Lawrence  Nivert 

Mr.  Douglas  G.  Conley 

Lt.  Thomas  S.  Marhevko 

Safety  and  Advanced  Technology 

Division 

Cdr.  G.  Barton 
Technical  Division 

Cdr.  L.  E.  Telfer 
Ocean  Operations  Division 

Capt.  G.  P.  Sherburne 
Deep  Water  Ports  Project 

Cdr.  R.  S.  Palmer,  Jr. 

Marine  Environmental  Protection 
Division 

Capt.  D.  B.  Charter 

Port  Safety  and  Law  Enforcement 

Division 


Mr.  Virgil  W.  Rinehart 
Office  of  Maritime  Technology 

Mr.  James  Gross 

Office  of  Advanced  Ships 

Operation 

Mr.  Walter  Hahn 
Congressional  Research  Service 

Dr.  Kenneth  Simmons 
* 

Dr.  Tom  Cotton 

Office  of  Technology  Assessment 
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Table  5-2  (Continued) 
Department  of  Energy 

Forecasting  International, 


* 

Mall  participants. 


Dr.  Melvin  Chloglojl 
Division  of  Buildings  and 
Community  Systems 

Dr.  Paul  Lef court 
Energy  Coordination  Staff 

Ltd.  Dr.  Marvin  J.  Cetron 

Mr.  Charles  F.  McKadden 

Ms.  Shuron  E.  Sugarek 

Dr.  Anne  Nelsen 

Ms.  Ethelyn  Bishop 

Ms . Marge  Freese 
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obtained  for  each  event,  the  cumulative  distribution  function,  rather 
than  the  density  function,  was  selected  as  the  basis  for  Delphi 
questioning.  Because  the  cumulative  distribution  function  increases 
monotonically  from  0 to  1,  two  or  three  points  enable  its  shape  to  be 
estimated.  As  may  be  seen  in  Figure  5-1,  two  or  three  points  permit 
no  such  approximation  of  the  shape  of  the  density  function.  The 
question  posed  to  the  panelists  was  therefore: 

By  what  year  will  the  probability  of  occurrence 
of  this  event  reach  (0.1,  0.5,  0.9)? 

The  values  of  0.1,  0.5,  and  0.9  were  chosen  because  they  are 
easily  concept  iul ized;  0.1  implies  a probability  just  greater  than  0; 
0.5  is  an  even  chance?  0.9  implies  a probability  just  les3  than 
certainty. 

The  following  procedure  was  employed  during  the  conference: 

o Discussion  of  the  event  before  voting  was  not  permitted 
except  to  clarify  the  meaning  of  the  event  or  resolve 
semantical  problems. 

o Three  votes  were  taken  in  succession  tor  each  event,  i.e., 
an  estimate  was  requested  for  each  of  the  probability 
levels. 

o If,  in  the  judgment  of  the  moderator,  the  group's  responses 
represented  a reasonable  consensus,  attention  moved  to  the 
next,  event;  if  not,  a brief  discussion  was  opened  to  clarity 
the  panelists'  positions,  followed  by  a re-vote  at  all  three 
probability  levels. 

The  results  of  the  Delphi  are  given  in  detail  in  Appendix  D and 
are  briefly  summarized  here.  Of  th?  62  events  considered,  16 
descriptions  were  altered  during  the  conference  and  three  events  were 
deleted.  One  additional  event  was  framed  at  the  conference.  Mail 
responses  by  three  participants  (of  the  six  promised)  were  later 
combined  with  the  conference  responses  for  events  which  were  not 
altered  in  the  course  of  the  conference.  It  has  been  possible  to 
approximate  the  cumulative  distribution  function  for  each  event. 
Although  responses  at  some  probability  levels  are  bimodal  (even  after 
discussion  and  a second  vote  in  same  cases)  or  relatively  flat,  most 
group  responses  approximated  a normal  distribution  sufficiently  well 
to  indicate  a usable  consensus. 
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probability 
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1*80  2007 

DATE 


F I CURE  5-1  . OKAl’HS  OF  DISTRIBUTION  FUNCTIONS 


Any  lack  of  precision  tend 3 to  be  mitigated  because  time  periods 
of  three  years  have  been  U3ed  for  the  Delphi  estimates,  whereas  the 
study  is  concerned  with  larger  (5-year)  intervals.  In  order  to  permit 
phasing  surveillance  requirements  over  the  next  25  years,  5-year 
intervals,  termed  "scenes,"  have  been  defined  as  follows: 

Scene  5-Y ear  Interval 

1 1980-1984 

2 1985-1989 

3 1990-1994 

4 1995-1999 

5 2000-2004 

The  results  of  the  Delphi  cconference  are  summarized  in  Tables 
5-3  and  5-4.  Table  5-3,  the  final  list  of  60  events,  is  a revision  of 
Table  5-1  which  incorporates  changes,  additions  and  deletions 
resulting  from  the  conference;  Table  5-4  shows,  in  addition  to  the 
ranked  and  weighted  importance  of  each  event  to  the  Coast  Guard,  the 
dates  by  which  the  probability  of  occurrence  is  estimated  to  reach 
the  three  probability  levels  addressed  in  the  Delphi  conference.  A 
trigger  date  (an  estimate  of  the  year  in  which  the  probability  of 
occurrence  will  reach  0.5)  is  also  shown. 


TABLE  5-3.  FINAL  EVENT  LIST 
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TABLE  5-*.  (Continued). 
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NOTES  FOR  CHAPTER  •> 


CHAPTER  6 - THE  SURVEIUANCE  REQUIREMENTS  MODEL 

To  this  point  in  the  analysis,  a variety  of  factors,  internal 
and  external  to  the  Coast  Guard,  which  will  affect  future 
surveillance  requirements,  has  been  evaluated.  Current  Surveillance 
Functions  and  Surveillance  Information  Elements  have  been  identified 
and  organized  in  Chapter  3 to  serve  as  a baseline.  The  future  has 
been  characterized  by  a set  of  events;  Chapter  4 investigated  the 
impacts  of  their  occurrence  on  the  Coast  Guard  and  Chapter  5 
addressed  their  probabilities  of  occurrence  over  time. 

The  next  step  taken  has  been  to  design  a model,  referred  to  as 
the  Requirements  Model,  which  incorporates  all  of  these  factors  in  a 
quantitative  manner.  The  objectives  or  outputs  of  the  model  are  as 
follows: 

o Time  phased,  weighted,  and  ranked  Surveillance  Requirements 
aggregated  by  Program  and  overall. 

o A final  weighting  of  the  events  which  reflects  both  their 
impact  on  the  Coast  Guard  and  their  impact  on  Coast  Guard 
surveillance  requirements. 

o The  means  to  test  the  sensitivity  of  surveillance 
requirements  to  event  probabilities  of  occurrence. 

The  analytical  procedure  incorporated  into  the  Requirements 
Model  is  illustrated  in  Figure  6-1.  Broadly  speaking,  events  are 
first  sorted  by  scene,  (i.e.,  one  of  the  five-year  time  periods 
described  in  Chapter  5).  Then  for  each  scene,  the  impact  of  events  on 
affected  Programs,  Program  Activities  and  Surveillance  Functions  is 
assessed.  At  various  points  along  the  way,  assessments  of  importance 
have  been  made  and  weights  have  been  assigned.  The  scoring  and 
weighting  process  is  described  in  the  following  paragraphs  and  is 
3unmarized  in  Table  6-1. 

Assignment  of  Events  to  Scenes.  The  results  of  the  Delphi 
conference  (Chapter  5)  have  been  used  to  determine  the  scene  to  which 
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TABLE  6-1.  SUMMARY  OF  SCORING  AND  WEIGHTING  PROCESS 
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an  event  belongs.  Because  R&D  planning  is  anticipatory  and  there  is  a 
^ime-lag  between  research  and  development  activities  and  application 
in  the  field,  events  are  assigned  fo  a scene  on  tne  premise  that  an 
event's  implications  should  become  important  to  R&D  planning  in  the 
scene  immediately  prior  to  the  one  in  which  the  event's  probability 
of  occurrence  reaches  0.5  (its  trigger  date).  Trigger  dates  and 
scenes  which  they  imply  for  each  event  considered  are  given  in  Table 
6-2  (this  is  a rear rangement  of  Table  5-4).  For  instance,  i f we 
examine  the  second  section  of  Table  6-2,  entitled  Scene  2:  1985-1969, 
the  first  event  listed  is  Event  10:  "I.NG  Tanker  explodes  oft  U.S. 
East  Coast.”  Reading  across  the  line,  the  tagger  date  is  1990. 
Therefore,  this  event  is  included  in  Scene  2:  1985-1989,  the  scene 
immediately  before  the  scene  which  includes  the  trigger  date. 

Impact  of  Events  on  Coast  Gnard  Objectives.  The  Coast  Guard 
objectives  shape  the  character  of  the  Service  and  reflect  the  major 
areas  of  concern.  Thus  any  evaluation  of  the  significance  of  the 
impact  of  events  on  the  Service  must  consider  the  relative  importance 
of  each  objective.  As  discusssed  in  Chapter  4,  future  events  have 
been  identified  and  the  effect  of  their  occurrences  on  Coast  Guard 
Objectives  has  been  assessed. 

Coast  Guard-assigned  Objective  weights,  which  reflect  the 
relative  importance  the  u.S.  Coast  Guard  attaches  to  each  major 
objective  have  been  used  in  this  assessment.  The  results  of  the 
assessment  have  been  presented  in  Table  5-3  and  may  also  be  seen  in 
Table  6-2,  listed  in  the  col  urn  titled  Initial  Wt.  A. 

Impact  ot  Events  on  Coast  Guard  Programs.  As  is  discussed  below, 
for  each  Coast  Guard  Program,  some  ’’l  potentially  applicable 
Surveillance  information  Elements  have  been  identified.  Since  there 
are  11  Coast  Guard  Programs  which  have  surveillance  requirements, 
that  implies  some  ”81  potential  program-related  Surveillance 
Information  Elements.  Because  the  evaluation  of  the  impact  of  each  of 
the  60-odd  events  on  the  78.1  potential  surveillance  requirements 
would  be  a monumental  task  (nearly  47,000  decisions),  a screening 
device  has  been  employed  to  lessen  the  task.  Ttie  screening  device  (a 
matrix)  has  been  used  to  evaluate,  on  a yes-or-no  basis,  the  impact 
relationship  between  the  60  events  and  the  11  Programs.  (Clearly  not 
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TABLE  6-2.  FUTURE  EVENTS  ORGANIZED  BY  IMPLIED  SCENE 
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eveiy  event  would  have  an  impact  on  every  Program).  If  in  this 
analysis  it  were  determined  that  a specific  event  had  an  impact  on  a 
specific  Proqram,  then  this  impact  relationship  would  be  evaluated 
further  in  the  next  3tep  of  the  analysis  (see  below).  Event  1 
(Underwater  Parks),  for  instance,  affects  the  AN  Proqram. 

The  Coast  Guard  attaches  varying  importance  to  each  of  its 
Programs,  a3  expressed  by  its  Program  Assessment  Model.  'Itie  Proqram 
Assessment  Model  considers  all  Operating  Programs,  including  several 
with  no  surveillance  requirements.  Therefore,  the  Proqram  weights 
were  incorporated  into  the  Requirements  Model  after  deleting  Proqrams 
which  do  not  have  surveillance  requirements,  and  renormalizing  to 
1000,  as  shown  in  Table  6-3. 

Impact,  of  Events  on.  Program  Activities.  Returning  to  the  case 
where  a Program  vould  be  affected  by  the  occurrence  of  a particular 
event,  an  assessment  of  the  magnitude  of  the  impact  of  the  event  on 
each  Program  Activity  constituting  the  particular  Program  has  been 
made.  Continuing  the  above  example,  and  referring  to  Appendix  B, 
Event  1 affects  the  AN  Proqram;  within  the  AN  Program  it  is 
considered  to  affect  pa  \ (buoy  surveillance)  and  PA  3 (beacon 
surveillance),  both  with  minor  impact.  These  PAs  have  therefore  been 
given  scores  of  2. 

It  should  be  noted  however,  that  no  attempt  has  been  made  to 
weigh*-  Program  Activities;  PAs  within  a Program  are  assumed  to  be 
equally  important  to  that  Proqram. 

Relationship  of  Surveillance  Require, nents  to  Program  Activities. 
TTie  final  entry  into  the  Requirements  Model  is  a weighting  factor 
which  indicates  the  importance  of  each  surveillance  requirement 
within  a Program  Activity  to  that  Program  Activity.  In  this  way,  the 
event  impact,  assessed  above,  can  be  translated  mathematically  into 
an  impact  on  each  of  the  surveillance  requirements  which  constitute 
the  Program  Activity.  The  surveillance  requirement  weights  (2,  4,  B 
direct  assessments  and  normalized  values)  are  given  in  Appendix  E. 

Requirements  Model.  Ttie  foregoing  discussion  reviews  all  of  the 
inputs  required  to  develop  a list  of  surveillance  requirements  which 
are  valued  in  the  context  of  Coast  Guard  Objectives  and  Programs,  and 
the  future  pressures  on  the  Coa3t  Guard  due  to  external  factors 
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TABLE  6-3.  COAST  GUARD  OPERATING  PROGRAM  WEIGHTS 


ancj  or  Ajnr  surveillance 


FIGURE  6-2.  SURVEILLANCE  requirements  model 


(events) . The  input  data  for  the  model  are  contained  in  Appendix  F. 
in  order  to  obtain  a quantitative  measure  of  the  relative  importance 
of  each  surveillance  requirement,  a mathematical  model  has  been 
employed  which  incorporates  the  various  weighting  factors  and  scores 
discussed  above.  This  mathematical  model  is  given  in  Figure  6-2. 
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CHAPTER  7 - SURVEIIIANCE  REQU I REMENTS t HOOEI,  RESULTS, 

SENSITIVITY  ANALYSIS  AND  CONCLUSIONS 

Chapter  6 has  described  ♦■he  Requirements  Model  in  detail, 
including  the  input  data  necessary  for  its  operation.  The  purpose  of 
Chapter  7 is  to  outline  the  procedure  used  in  exercising  the  model 
and  to  present  the  results  obtained.  Conclusions  drawn  from  the 
analysis  of  surveillance  requirements  are  also  presented.  Recall, 
from  Chapter  6,  that  the  objectives  or  outputs  of  the  model  are: 

o Time-phased,  weighted,  and  ranked  surveillance  requirements 
aggregated  by  Program  and  overall. 

o A final  weighting  of  the  events  which  reflects  both  their 
impact  on  the  Coast  Guard  and  their  impact  on  Coast  Guard 
surveillance  requirements. 

o The  means  to  test  the  sensitivity  of  surveillance 
requirements  to  event  probabilities  of  occurrence. 

To  obtain  time-phased  surveillance  requirements  weighted  by 
importance  (the  Second  Iteration  indicated  in  the  complete  Flow 
Chart,  Figure  7-1),  the  model  has  been  exercised  five  times  (once  for 
each  scene).  Events  have  been  introduced  according  to  the  scenes 
implied  by  their  triqger  dates  (refer  to  Table  6-2).  After  events 
have  been  introduced  their  effects  on  Coast  Guard  surveillance  can  be 
expected  to  continue;  to  illustrate  from  recent  history,  surveillance 
requirements  generated  by  establishment  of  the  Fisheries  Conservation 
Zone  (an  event)  will  continue  indefinitely.  The  Requirements  Model 
accommodates  this  phenomenon  by  aggregating  requirements  scores  from 
scene  to  scene;  the  numerical  (non-normalized)  impact  of  each  event 
is  carried  forward  after  it  is  initially  introduced.  Consequently, 
the  requirements  weights  for  Scene  5 represent  the  combined  effects 
of  all  60  events. 

Tables  7-1  and  7-2  present  the  model  results  in  order  of  S1E 
code  (for  ease  of  cro3s-reference)  and  Scene  5 rank,  respectively.  In 
these  tables  weights  (normalized  to  1000)  and  ranks  for  each 
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TABLE  7-1.  FUTURE  SURVEILLANCE  REQUIREMENTS  LISTED  IN  ORDER  OP  SIE  CODE 


TABLE  7-1.  (Continued) 
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TABLE  7-2.  FUTURE  SURVEILLANCE  REQUIREMENTS  LISTED  I*  ORDER  OF  SC EMI  5 RANK 


TABLE  7-2.  (Continued) . 
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requirement  are  given  for  each  scene.  Information  in  these  tables  is 
an  overall  aggregation  across  all  Programs;  similar  tables  for  each 
Operating  Program  have  been  developed  and  are  given  in  Appendix  G. 

Because  SIE  descriptions  shown  in  these  tables  are  necessarily 
generic,  their  meaning  can  be  greatly  enhanced  by  referring  to  the 
specific  elements  of  each  requirement  subsumed  in  the  tabular 
listing.  For  instance,  the  specific  elements  constituting  "Locate: 
range  and  bearing"  (Rank  1 in  Scene  5) , and  the  Programs  and  Program 
Activities  affected  are: 


PROGIPAl  PROGRAM  ACTIVITY  I FUNCTION  I SItl  SURVE1  LLANCt  INFORMATION  ELEMENT 

* l~l I I 1 


Et.T  I 2 2 1 ANT  I -SNUGC  TANG  SURVEILLANCE  I LOCATE 

MCWPIVIAAW  SURVEILLANCE  (LOCATE 

MCMPIS)  IASL1.  SURVEUCANCt  IIOCATE 

MCMPI52IASH  SURVEILIANCE  I LOCATE 

M0MPIS3INCFS  SURVEILIANCE  (LOCATE 

PSS  1 71 1 FORT  AND  WATERWAY  SURVEILIANCE I LOCATE 
ESS  | 78 1 CONTROL  SE’.EClED  VESSEL  MVNTS  I LOCATE 
PSS  | 79 I VESSEL  TKAttlC  SERVICES  | LOCATE 

RES  1 87 1 REGATTA  SURVEILIANCE  I LOCATE 

SAK  (901  AT.ERTTNG  AND  LOCATING  SYSTEMS  I LOCATE 
SAR  | 9J (SURFACE  SEARCH  (LOCATE 

CVS  1 14 1 UNDERSEA  STRUCTURE  INSPECTION  (LOCATE 
CVS  1 1 3 1 OFFSIlORE  PLATFORM  INSPECTION  ( IOCATE 
PSS  1 80IOFFSTIORE  ASSET'  PROTECTION  I LOCATE 

SAR  1 92 1 UNDERWATER  SEARCH  I LOCATE 


1 02 3 (RANGE  AND  BEARING  TO  SMUGGLING  VESSEL 

I 023 1 RANGE  AND  BEARING  OF  AIRCRAFT /MISSILE 

I 023 1 RANGE  AND  BEARING  CE  VESSEL 

I 0231  RANGE  AND  BEARING  OF  SUBMARINE 

I 0231  RANGE  AND  BEARING  OF  TARGET/AIMING  POINT 

I 0231  RANGE  AND  E EARING  CF  THREATENING  VESSELS 

I 0231  RANGE  AND  BEARING  OF  THREAT  EN INGA HREATEN ED  VESSELS 

I 0231  RANGE  AND  BLARING  TO  VESSELS  IN  VTS  SYSTEM 

I 0231  RANGE  AND  BEARING  OF  INTRUDER 

I 023 1 RANGE  AND  BEARING  OF  EMITTER 

(023 1 RANGE  AND  BEARING  CF  SEARCH  OBJECT 

10231- ORiZONTAL  POSITION  OK  DEFECT  IN  THE  STKUCiUKE 

I 0 2 3 ( I IOK I ZGNTAL  POSITION  OE’  DEFECT  IN  THE  STRUCTURE 

l 023 (RANGE  AND  BEARING  OF  THREAT 

I 023) RANGE  AND  BEARING  OF  SUBMERSIBLE 


Similarly,  "Detect:  Small  vessel  (16*— 40*) , metal 
object  (beacon),  large  iceberg,  afloat  seaplane"  (Rank 
is  composed  of  the  following  elements: 


buoy,  visible 
2 in  Scene  5) 


PBOGIPA!  PROGRAM  ACTIVITY  I FUNCTION  | SI  El  SURVEILIANCE  INFORMATION  ELEMENT 


T" 


AN  I 
AN  I 
Et.T  I 
ELT  I 
MOKPl 
MCMPI 
ESA  I 
MSA  | 
PSS  I 
PSS  I 
RPS 
SAR 
PSS 


1 1 BUOY  SURVEILIANCE  I DETECT 

2 1 BEACON  SURVEILLANCE  I DETECT 

21(1  EAR  CONFLICT  EL'KVEt  L’ANCE  (DETECT 

22 1 AMI -SMUGGLING  bU.VElLIANCE  I DETECT 

SHAKEN  SURVElLrAVE  I DETECT 

Si;  NOES  SURVEILLANCE  I DETECT 

601  ICEBERG  SURVEILIANCE  I DETECT 

b7 1 NATIONAL  DATA  EUOY  ! PCGrAM  I DETECT 
77 1 ICiRT  AND  WATERWAY  SURVEILIANCE  I DETE  Cl 
78 1 CVNTHCL  SELFC1ED  VESSEL  MV.MS  iLETtCT 
8 7 1 REGATTA  SURVEILIANCE  I DETECT 

91 1 SURFACE  SEARCH  I DETECT 

80 1 OFFSHORE  ASSET  PROTECTION  I DETECT 


1 004 1 METAL  BUOY 
I 004 1 BEACON , VISUAL  OK  RADAR 
I 004 1 SMALL  VESSEL 
(004 1 SPALL  VESSEL 
( 004 1 SMALL  VESSEL 
| 004 1 LAND  TARGET  OR  AIMING  POINT 
1 004 1 IARGE  ICEBERG 
I 004  I DATA  BUOY 

I 004 1 SPALL  THREATENING  VE.SSt.LS 
I 004 1 SPALL  THREAT  ENI  NG/T1.ktATt  NED  VESSELS 
I 004 1 SMALL  PART l C I PAT  1 NG/ 1 N'TRUB  l NG/  ENDANGERED  VESSELS 
I 004 1 SMALL  VESSEL,  AtEGAT  SEAKANE 
| 004 | SMALL  VESSEL 
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and,  "locate:  Geographical  position,"  (Hank  3 in  Scene  5)  consists  ot 


PROG I PA  I K HOC RAM  ACTIVITY 

1**1 

AN  / 1 1 BUOY  HJKVEIMANCE 

Et.T  I 201  FISHING  VESSEL  SUKVETUANCE 

ET.T  I 2)  I GEAR  CONFLICT  SURVEILLANCE 

EI.T  i22|ANTl-SNUGCUNG  SUKVEILIANCE 

10  I 301 ICK  SUKVtIU  ANCE 

10  lUlFtOOD  (ICK  JAM)  SUKVEIUANCE 

kep  UOICuvtal  pollution  sukveiuanc 

MEP  14!  IIIAHPGK  lOLTUTICN  SURVEILLANCE 

MOM  PI  S 1 ( NGFS  H UVE  l f.’ANOE 

MOKE I 94 1 DISASTER  CYNTKOL  SUKVEII.tANCE 

USA  IbJi ICEBERG  SUKVEIUANCE 

PSA  ibUSKA  WIPE  NAlVKK  SURVEYS 

MSA  Ib2IO>TAN  SXNU1NGS  PWX'.NAM 

MSA  16  31  STANDARD  iVLANU.  SECT  IONS 

MSA  lo4|rATIIYTHt  lM»XIKAI'H  OE3SI  KVAT  l(Ni> 

MSA  ( 69f  TAMPA’, L UX.RKVATIONS 

MSA  i 6b I SI  Hl  AOt  CURRENT  UAKKVATICNS 

MSA  1 6~l  NATIONAL  LATA  1'UOY  M'HOCkAM 

MSA  i bM  I SURFACE.  WEATHER  UAERVATTONS 

ISS  I 7b!  SPECIAL  VESSEL  SUKVEIUANCE 

PSS  PbiCYWPOt.  SELECTED  VESSEL  MVWTS 

MSS  | 791  VESSEL  IMAM  MIC  SERVICES 

SAR  IVOIAICKIING  ANO  IOC  AT  INC.  SYSTEMS 

SAM  ID)  I SURFACE  SEARCH 

MC.T  I 231  UNDERSEA  MINING  SL’RVEIUANCE 

CVS  I lSil'NUM.KSEA  PIPELINE  INSPECTION 

SAR  1921  UNDERRATE!!*  SEARCH 

KEP  1421  lEfl"  I.  POL.tUHUN  SUKVEIUANCE 


FUNCTlONlSttlSUKVElLtANCE  INEXJhMATTON  EI.EMEMT 


LOCATE  I OJSU'UX.M-AIjilCA!.  KJSITICN 
tOCAV  i 02S' CELX'SAMilCAt.  POSITION 
LOCATE  IPT’SICEOGRAMUCAL  RSliHN 
I OCA' l E I cSOE.X.RAMICA’,  K’MTUfc 
LOCATE  iO.'MGUuGbAMllGAJ.  IVSlT  ION 
LOCATE  l02SKlLX’hA)MCAT.  IVSITION 
LOCATE  | 02SiUl«JCMAMlilCAl.  K Sl'l  l UN 
IOCATE  1 02SiGLUGRAE1llCAI.  KSllKN 
IOCATE  IC29IGEGGKA11  ICAL  Eos  I t I ON 
IOCATE  | P2S  IGl.'AIRAUt  ICAI.  POSITION 
UVATE  10  •UGLOCKAMeIC  POSITION 
IOCATE  1 029IGUATKAPMCA’.  KSl'UCN 
IOCATE  |029iGliUCKAHilCAL  MOSl'lION 
I a CATE  lOiSICtUGRAPlilCAI.  POSITION 
UVATE  |029lGlUGHAPtllCAI.  toSlT  ION 
UVATE  l029lGl.UGKAMitC  POSITION  OE 
IOCATE  |02SiCUXiRAHilCAI.  POSITION 
IOCATE  1 02MCl.CX.EAEE;  ICAI,  EOSIT  ION 
UVATE  |029|gIU.RAUiICAI.  EXjsI  TIoN 
LOCATE  I 02MCLUCKAHIICAI.  KTSITTUN 
IOCATE  j 02SICtOGRAHiICAI.  1OS1TI0N 
IOCATE  I 029 1 Gl '.GRAPHICAL  ECS1TTON 
I OCA  I E jC29|aOGKAFIIlCAt.  POSITION 
IOCATE  I 029 1 GEOGRAPHICAL  K(S!T  ION 
’OVATE  I 029 I GlOCKAITi ICAI.  K3SIT1UN 
IOCATE  i 029 1 GI OGKAE li ICAI,  JXJSITKN 
IOCATE  I 02SIGI CXIKA1 IIICAI.  KSITION 
LOCATE  I029|CEOGRAEIiICAL  K'SITION 


UE  CLOY 

OF  FISHING  VESSEIt. 

OF  VUSSEIS  A.NU  MAKKEJCi 
OF  EMUCGLINC  VESSEL 
OF  ICE  FIELDS 
W ICE  JAMS 
OF  EGUU1ANT 
OF  POUUVANT 
OF  TARGET /At  MING  POINT 


OF  OUSE  MV  AT  ION 
OF  OUSE  KVA  11  ON 
OE  SECTION 
OE  UDSEKVAT  ION 
CUSEKVATTON 
OF  U’SLRVAT  ION 
OF  UOoY 
(.4  Ot  SEKVAT  ION 
OF  SPECIAL  INTEREST  VESSEL 
OF  SEU.ClE.U  VESSEL 
OF  VlSSEIS  IN  VIS  SYSTEM 
OF  IMIT’I  ER 
OF  SEARCH  OBJECT 

OE'  MNIEa;  VESSEL  OR  EICATING  PI  ANT 
OF  LT  E E Cl 
OF  SUBMERSIBLE 
OF  lOUUiANT 


As  a final  example,  "Observe:  Structural  Integrity,"  (Hank  4 in 
Scene  S)  includes: 


PROCIPAI  PROGRAM  ACTIVITY  I FUNCTION  I S1E I Sl'KVElI.'.ANCE  INFORMATION  ELEMENT 

--*1**1 1 1***1 

PSS  1 791  FACILITY  INSPECTION  ICPSEMVE  I 034 1 STRUCTURAL  INTEGRITY  OF  E AC  I LIT  Y 

CVS  1 1 4 1 UNDERSEA  ST  RUCTUKE  INSPECTION  lOESERVE  1 0 34  i ST  RUCT  URAL  INTEGRITY 

CVS  1 1 SI  UNDERSEA  PIPELINE  INSPECT  tON  lOI'SLKVE  I 0 34 1 STRUCTURAL  INTIGKllY  OE  PIPELINE: 

CVS  IIIICEIGIIOKE  PTATEORM  INSPECTION  lOPSLKVt.  1 0 34 i ST NUClUkAL  INTEGRITY 


Thi3  listing  is  continued  for  all  requirements  in  Appendix  H. 

A review  of  the  ranking  of  requirements  in  Table  7-2  appears  to 
generally  support  intuitive  a priori  judgments;  one  would  expect 
detection  of  medium-sized  vessels  (SIE  Code  003)  to  rank  high  in 
importance,  for  instance.  Why  some  others,  such  as  "structural 
integrity"  (STE  code  034),  rank  high  may  not  be  immediately  obvious. 
Upon  reflection,  however,  this  result  is  not  unreasonable;  structural 
integrity  implies  a concern  for  safety  (highest  weighted  Coast  Guard 
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Objective)  and  it  is  related  to  the  CVS  and  PSS  Programs  (both  ot 
which  are  heavily  weighted).  These  reasonable  and  intuitively 
satisfying  results  tend  to  validate  the  Requirements  Model. 

The  second  objective  of  the  Requirements  Model  was  a final 
weighting  and  ranking  of  the  events,  reflecting  their  importance  to 
both  the  Coast  Guard  as  a whole  (Wt.  A)  and  its  surveillance 
requirements  (Wt.  B)  . This  information  is  given  in  Table  7-3  (which 
is  an  extension  and  re-arrangement  of  Tables  5-4  and  6-2)  . Not 
surprisingly,  event  ranks  shift  substantially  when  the  focus  changes 
from  the  Coast  Guard  as  a whole  (initial  rank)  to  surveillance 
requirements  (final  rank). 

The  third  objective  of  the  Requirements  Model,  a sensitivity 
analysis,  has  been  performed  and  described  in  detail  in  Appendix  I. 
Generally,  the  requirements  ranks  given  in  Table  7-2  are  relatively 
insensitive  to  changes  in  the  probability  of  event  occurrences  over 
the  range  0.3  to  0.7,  although  there  are  some  exceptions.  These  are 
listed  in  Table  T-3. 

As  a result  of  exercising  the  Requirements  Model  the  weights  and 
ranks  of  surveillance  requirements  have  been  developed  by  scene  for 
each  Program  and  across  all  Programs.  The  phased  weights  and  ranks 
across  all  Programs  serve  as  inputs  to  the  technologies  versus 
requirements  analysis  discussed  later  in  the  study.  It  should  be 
borne  in  mind  that  the  surveillance  requirements  thus  defined  reflect 
only  the  impact,  of  future  events  (and  strictly  only  the  60  events 
used  in  this  study) . They  do  not  reflect  the  weights  and  ranks  of 
current  (1979)  surveillance  requirements;  rather,  they  represent 
changes  in  emphasis  imposed  by  future  developments. 

The  relative  importance  of  the  requirements  varies  widely,  as  is 
clearly  shown  in  Figure  7-2.  (Although  a negative  slope  is  to  be 
expected,  no  particular  importance  attaches  to  the  observed  close 
approximation  to  an  exponential  curve).  The  relationship  of 
requirement  importance  (weight)  to  rank  is  made  even  more  graphic  in 
Figure  7-3.  For  instance,  50%  of  the  total  weight  is  concentrated  in 
the  requirements  ranked  1-9;  75%  in  ranks  1-19.  The  30  lowest  ranked 
requirements  account  for  only  5%  of  the  total  weight.  Because 
relative  importance  diminishes  so  rapidly,  little  will  be  lost  by 
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?A£LZ  7-3.  (Continued) 
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FIGURE  7-2.  SIE  WEIGHTS  vs.  RANKS  IN  SCENE  5 
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analyzinq  only  the  more  significant  requirements.  Accordingly,  one 
third  of  the  highest  tanking  requirements  has  been  selected.  These  24 
requirements  comprise  more  than  80%  of  the  total  weight. 

SIE  025  (locate:  geographical  position)  ranks  third  in  overall 
importance  and  it  is  also  important  to  many  Program  Activities.  Fran 
an  operational  viewpoint,  determination  of  geographical  position 
(usually  by  latitude  and  lonqitude)  is  necessary  and  is  generally 
considered  to  be  a surveillance  requirement.  As  was  mentioned  in 
defining  Surveillance  Functions  (Chapter  3),  however,  a detecting 
device  (sensor)  cannot  determine  geographical  position;  only  a 
position  relative  to  the  sensor  can  be  determined.  If  the  sensor  is 
fixed  to  a known  position  on  the  earth,  determination  of  geographical 
position  of  the  object  sensed  (target)  is  a matter  of  computation;  if 
the  sensor  is  mobile,  then  other  (i.e.  navigation)  technologies  must 
be  called  upon  to  determine  the  geographical  position  of  the  sensor 
and  its  target.  For  this  reason,  SIE  025  is  deleted  as  a requirement 
to  be  satisfied  by  surveillance  technologies.  Table  7-4  lists  the  23 
requirements,  and  their  re-normalized  weights,  to  be  addressed  in 
Part  IT  of  this  study. 


T>ilLE  7-4.  SURVEILLANCE  REQUIREMENTS  SELECTED  FOR  FURTHER  ANALYSIS 
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Totals  do  not  sue  to  1000  due  to  rounding  errors 


Part  Tt  - SURVEUJANCE  TECHNOUOG I ES 


CHAPTER  8 - OVERVIEW  OF  TECHNOLOGIES  VS.  KEtfJlROIENTS  ANALYSIS 

Part  I o f this  study  addressed  future  Coast  Guard  surveillance 
requirements  without  regard  to  the  technologies  necessary  to  satisfy 
those  requirements.  Part  1 1 investigates  current  and  emerging 
technologies  which  may  be  applied  to  solve  surveillance  problems.  The 
purpose  of  this  chapter  is  to  outline  broadly  the  approach  taken  to 
identify  relevant  technologies  and  to  assess  their  relative  merit  or 
value  in  satisfying  future  Coast  Guard  surveillance  requirements. 
Figure  8-1  is  a flow  chart  of  the  process. 

Starting  with  a literature  search,  a list  of  technologies  useful 
to  the  analysis  is  developed.  These  technologies  are  described  in 
sufficient  detail  to  establish  broad  capabilities  and  limitations. 
Surveillance  systems  derived  from,  or  based  on,  these  technologies 
are  similarly  described,  toqether  with  a directory  of  developers.  TV* 
discussion  of  technologies  has  been  kept  unclassified  wherever 
possible;  classified  material  has  been  placed  in  a separately  bound 
volume  (Volume  3)  . 

A Surveillance  Technologies  model  is  described  in  Chapter  10. 
This  model  consists  of  a technology  scoring  model,  two 
cross-relevance  matrices,  and  a gap  diagram.  Itie  maturity  (position 
on  a typical  growth  curve)  of  each  technology  is  assessed  in  the 
scoring  model.  The  weighted  technologies  from  the  scoring  model  are 
used  as  inputs  to  both  cross-relevance  matrices.  The  weights  of  the 
highest  ranking  requirements,  from  Part  I,  provide  the  second 
cross-relevance  argument.  The  cells  or  row/column  intersections  of 
the  cross-relevance  matrices  contain  quantified  judgments  of  the 
effectiveness  of  each  technology  in  satisfying  each  requirement.  A 
gap  or  difference  between  what  is  potentially  possible  on  one  hand, 
and  what  is  currently  applied  on  the  other,  is  produced  by  comparing 
the  outputs  of  the  ^wo  cross-relevance  matrices.  Ttiis  information  is 
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PROTOCOL:  How  effectively  doe* 

Technology  X,  as  currently  applied 
Satisfy  Requirement  Y? 


r 


displayed  graphically  in  the  qap  diagram.  Gap  changes  over  time  are 
also  displayed  by  exercising  the  model  using  technology  weights  and 
requirement  weights  for  different  scenes.  Hus  process  is  explained 
in  detail  in  Chapter  10. 

In  Chapter  11  the  results  of  exercising  the  Technologies  Model 
are  displayed  and  analyzed.  By  ranking  technology  gaps  and  gap 
changes,  the  relative  effectiveness  of  each  technology  in  satisfying 
Coast  Guard  surveillance  requirements  is  made  explicit.  The 
conclusions  drawn  from  this  gap  assessment  provide  much  of  the 
information  necessary  for  developing  a Coast  Guard  surveillance  R4D 
program  which  is  presented  in  Chapter  12. 


CHAPTER  9 - SURVEIUANCE  TECHNOI/XIES 


The  List  of  Technologies.  Technologies  currently  used  for 
surveillance  purposes  have  been  identified  by  surveying  literature 
and  reports  relating  to  surveillance  and  targeting,  by  tapping  the 
experience  of  analysts  and  engineers  in  Forecasting  International, 
and  by  coimnunications  with  knowledgeable  scientists  and  engineers  in 
pertinent  fields.  Surveillance  and  targeting  in  land,  sea  ana  air 
operations  in  the  military  and  naval  services  are  vital  capabilities 
and  are  actively  under  research  and  development. 

Current  technologies  include  electromagnetic,  magnetic, 
acoustic,  chemical,  nuclear,  mechanical,  and  thermal.  These  are  broad 
categories  and  somewhat  difficult,  in  some  instances,  to  evaluate 
against  the  needs  of  surveillance.  Several  iterations  of  the 
technologies  li3t  were  tried  before  finally  settling  on  the  list 
given  in  Table  9-1  and  described  below.  A more  detailed  list  of 
technologies,  reaching  into  more  specific  systems,  can  be 
constructed,  but  it  then  becomes  difficult,  because  of  size,  to 
evaluate  against  the  list  of  surveillance  requirements.  It  also 
becomes  unproductive  for  purposes  of  this  study  because  the  more 
specific  the  list  becomes,  the  more  dated  the  system  and  technology 
being  considered  becomes.  In  other  words,  to  gain  a perspective  of 
the  future  longer  than  5 or  10  years,  technologies  rather  than 
systems  must  be  considered. 

The  technology  list  used  is  given  below  with  a short  resume  to 
characterize  the  technology  field.  The  usual  ancilliary  devices  and 
techniques  (for  signal  processing,  for  instance)  have  been  assumed  to 
be  a part  of  the  conceptual  system  for  evaluating  the  technology 
against  present  and  future  needs. 

Acoustics,  air  - Includes  all  sensible  detection  of 

sound  in  air  with  or  without 
mechanical  and  or  electrical  aids. 
No  specific  frequency  limits  were 
considered. 


81 


TABLE  9-1.  TECHNOLOGIES  LIST 


1 - Air  Acoustics 

2 - SONAR,  Passive 

3 - SONAR,  Active 

4 - Magnetic  Field 

5 - Radio  Frequency 

6 - Elecfromaanetic  Field 

7 - RADAR,  Over-the-Horizon 

8 - RADAR,  Medium  Ranqe 

9 - RADAR,  Millimeter 

10  - Infrared 

11  - Television 

12  - Optical 

13  - Photography 

14  - Image  Intensification 

15  - LASER,  Blue-Green 

16  - LASER,  Other 

17  - Ultraviolet 

18  - Nuclear 

19  - Chemical 

20  - Animal  (Bird) 

21  - Acoustic  Bnission 

22  - Mechanical  Vibration 


- 


1 


I 
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Sonar , passive  - 


Sonar.,  active  - 


Magnetic  field 


Radio  Frequency  - 


Electromagnetic  field  - 


Radar,  over-the-horizon  - 


Radar , median  range  - 


Radar,  millimeter  - 


Infrared  - 


(Sound  Navigation  and  Ranging) 
Includes  acoustic  or  sonic  ana 
supersonic  detection  in  water.  No 
specific  frequency  limits  were 
considered. 

Includes  acoustic  or  sonic  and 
supersonic  generation  and 
detection  in  water.  No  frequency 
limits  were  considered. 

This  technology  consists  of 
detecting  magnetic  properties  of 
bodies  or  variations  and  anomalies 
in  the  earth's  magnetic  field 
caused  by  the  presence  of  a 
magnetic  material. 

Techniques  and  systems  which 
detect  electromagnetic  radiation 
below  the  1 GHz  frequencies. 

This  technology  includes  detection 
and  analysis  of  the 
electromagnetic  spectrim  from  1 to 
100  GHz  but  no  specific  limits 
were  considered  to  be  firm.  The 
radio  frequency  spectrum  below  1 
GHz  was  considered  to  belong  to 
Radio  Frequency  Technology. 

This  is  radar  using  refraction  and 
reflection  from  ionic  layers  for 
projection  of  radiation  over  the 
horizon  and  return  of  reflected 
energy  for  detection. 

This  is  conventional  radar  and  the 
usual  frequencies  include  IOC  MHz 
to  12  GHz.  It  is  characterized  by 
ranges  up  to  about  250  miles  but 
essentially  line  of  sight 
performance. 

Includes  electromagnetic 
transmission  and  detection  for 
ranging.  The  usual  frequencies 
include  10-100  GHz.  It  is 
characterized  by  short  (10  mile) 
ranges  but  very  high  resolution 
and  line  of  sight  performance. 

Techniques  and  systems  which 
detect  and  record  or  display 


83 


images  portrayed  by  infrared 
radiation. 

Television  - Includes  present  conventional 

television  techniques  and  systems 
including  the  combinations  called 
low  light  level  TV  systems. 

Optical  Includes  visible  light 

transmission  and  detection  by  the 
human  eye  assisted  or  unassisted 
by  lenses  and  other  passive 
devices. 

Includes  all  techniques  for 
recording  on  suitably  prepared 
paper  or  film  images  and  ultra  or 
sub  visible  range  spectra. 

Techniques  and  devices  which 
magnify  or  intensify  light  from 
its  image  to  distinguish  it  from 
its  background,  usually  by 
cascading  electronic  phenomena. 

Laser , Blue-Green  Consists  of  a laser  techniques  and 

systems  operating  in  the  4500  to 
5500  A range,  which  is  the  range 
which  has  the  least  absorption  in 
water. 

Laser,  other  - A light  laser  system  of  any 

wavelength  other  than  the 
blue-green. 

Ultraviolet  - Techniques  and  systems  which 

detect  and/or  record  or  display 
images  portrayed  by  ultraviolet 
radiation. 

Nuclear  - Techniques  and  systems  which 

detect  and  measure  alpha  or  beta 
particles,  or  gamma  rays  and  also 
other  types  of  nuclear  radiation 
as  feasible. 

Chemical  - Techniques  and  systems  which 

detect  and  identify  gaseous, 
liquid  or  solid  compounds  and  also 
measure  pressure,  temperature, 
acidity,  basicity,  etc.  Includes 
gas  chromatography,  mass 
spectroscopy,  etc. 


i. 
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Animal  .(Bird)  - 


Acoustic  Emission  - 


Mechanical  Vibration  - 


Techniques  for  harnessing,  within 
trainability  limits,  the  natural 
surveillance  capabilities  (notably 
visual  activity)  of  birds. 

Techniques  and  systems  which 
detect  and  measure  transient 
elastic  waves  generated  by 
discontinuities  within  a material 
or  structure  under  stress. 

Techniques  and  systems  which 
detect  and  measure  the  natural 
vibration  of  a structure  under 
stress. 


Technology.  Evaluation.  To  consolidate  and  amplify  information 
gained  through  literature  searches  an  all  day  meeting  of 
knowledgeable  FI  staff  members  and  consultants  was  held  on 
February  1,  1979,  during  which  the  technology  list  was  evaluated,  and 
the  present  state  of  development  and  capability  of  each  technology 
were  reviewed.  The  projected  capabilities  of  the  technologies  were 
considered  and  developing  laboratories  were  identified.  Consideration 
was  also  given  to  the  projected  versatility  of  each  technology,  i.e., 
any  limitations  concerning  the  platforms  (ships,  boats,  aircraft, 
etc.)  on  which  future  systems  based  on  the  technology  might  be 
mounted.  These  discussions  are  sunmarized  in  Appendix  J.  Development 
considerations  not  directly  related  to  specific  technologies  were 
also  raised.  These  are  sunmarized  in  Appendix  K. 

Figure  9-1  shows  a technology  scoring  model  which  was  presented 
to  the  panel  of  experts.  The  specific  procedure  to  establish  weights 
for  each  of  the  technologies  was  based  upon  the  development  of  a 
generalized  S-shaped  growth  curve  and  the  partitioning  of  that  growth 
curve  into  four  distinct  segments.  The  first  segment  (A,  the  lower 
left  hand  portion  of  the  S curve)  is  concerned  with  the  early  stages 
of  the  development  of  any  particular  technology  - this  area  would  be 
referred  to  as  the  now  or  initial  growth  portion  of  the  specific 
technology.  Somewhere  between  the  10  and  20%  point  the  second  stage 
(B)  begins  and  continues  until  we  reach  the  inflection  point  of  the  S 
curve.  This  segment  of  the  curve  represents  the  initial  or  lower  half 
of  the  rapid  growth  portion  of  the  technology. 
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Maturity 


SCORING  MODEL 


Technology: 


Estimate  the  maturity  of  the  technology  (position  on  a typical  growth  curve)  in 
1980  and  2000. 


Time 


GRAPH 

ZONE 

GROWTH 

DESCRIPTOR 

SCORE 

A 

Newborn 

1 

B 

Early  Rapid  Growth 

2 

C 

Late  Rapid  Growth 

4 

D 

Mature 

8 

Zone  in  1980 
Zone  in  2000 


SUMMARY 


Scene  1 

Scene  5 

Graph 

Normal 

Graph 

Normal 

Technology 

Zone 

Score 

Weight 

Zone 

Score 

Weight 

1. 

Air  Acoustic 

D 

8 

78 

D 

8 

70 

2. 

Sonar,  Passive 

B 

2 

19 

C 

4 

35 

3. 

Sonar,  Active 

C 

4 

39 

C 

4 

35 

4. 

Magnetic  Field 

C 

4 

39 

C 

4 

35 

5. 

Radio  Frequency 

D 

8 

78 

D 

8 

70 

6. 

Electromagnetic  Field 

C 

4 

39 

C 

4 

35 

7. 

Radar,  OTH 

A 

1 

10 

B 

2 

18 

6. 

Radar,  Med.  Range 

C 

4 

39 

C 

4 

35 

9. 

Radar,  Millimeter 

B 

2 

19 

C 

4 

35 

10. 

Infrared 

C 

4 

39 

c 

4 

35 

11. 

Television 

D 

8 

78 

D 

8 

70 

12. 

Optical 

D 

8 

78 

D 

8 

70 

13. 

Photography 

D 

8 

78 

D 

8 

70 

14. 

Image  Intensification 

C 

4 

39 

C 

4 

35 

15. 

Laser,  Blue-Green 

B 

2 

19 

B 

2 

18 

16. 

Laser,  Other 

B 

2 

19 

B 

2 

18 

17. 

Ultraviolet 

D 

8 

78 

D 

8 

70 

18. 

Nuclear 

D 

8 

78 

D 

8 

70 

19. 

Chemical 

P 

8 

78 

D 

8 

70 

20. 

Animal  (Birds) 

B 

2 

19 

C 

4 

35 

21. 

Acoustic  Emission 

B 

2 

19 

C 

4 

35 

22. 

Mechanical  Vibration 

B 

2 

19 

C 

4 

35 

TOTAL* 

1,001 

999 

Does  not  sum  to  1,000  due  to  rounding  errors. 


FIGURE  9-1.  TECHNOLOGY  SCORING  MODEL  AND  RESULTS 
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The  third  portion  (C)  begins  at  the  inflection  point  and  rises 
to  the  80  or  90%  level  where  the  technology  begins  to  mature  and  its 
qrow^h  rate  is  significantly  reduced.  TTiis  third  segment  is  the  upper 
portion  of  rapid  qrowth  phase  of  the  technology.  The  final  segment  of 
the  curve  (D)  represents  the  saturation  or  the  very  slow  growth 
portion  of  the  technology,  the  mature  era  of  the  technology  beinq 
considered. 

The  panel  was  asked  to  estimate  where,  on  a typical  growth 
curve,  each  technology  would  lie  in  1980  and  in  2000  (i.e.,  Scene  1 
and  Scene  •>) . As  shown  in  the  figure,  those  technologies  plotting 
high  on  the  growth  curve,  in  the  reqion  termed  "mature",  were  scored 
high  (8),  whereas  newborn  technologies  were  scored  low  (1).  The 
position  on  a typical  growth  curve,  or  maturity,  wa3  chosen  as  a 
3urroqate  for  a risk  estimate,  reasoning  that  smaller  technical  risk 
is  attached  to  mature  technologies.  The  results  of  the  panel's 
assessments  are  also  shown  in  Figure  9-1,  where  normalized  weights 
are  qiven  for  both  Scene  1 and  Scene  5.  This  table  provides  the 
technology  weights  necessary  tor  the  Surveillance  Technologies  Model 
developed  in  Chapter  10. 

Emerging  Surveillance  Systems.  The  results  ot  the  literature 
search  for  systems  which  will  become  available  in  the  near  term  are 
given  in  Appendix  L.  Each  system  or  equipment  is  described  briefly 
with  its  capabilities,  its  state  of  development  and  its 
developer/supplier.  It  is  evident  that  there  is  abundant  technology 
available  from  which  to  choose. 

No  technology  by  itself  is  as  effective  as  a combination  ot 
technologies  and  techniques.  The  combination  qives  a synergistic 
effect  so  that  the  capability  of  the  combination  exceeds  the  sum  ot 
capabilities  of  each  technology  applied  separately.  An  example  of 
thi3  is  the  AIRFYF  system  for  detecting  and  evaluating  oil  slicks. 
The  radar  system  might,  be  able  to  locate  an  oil  slick,  but  U3ed  in 
conjunction  with  the  FL1R  (infrared)  and  UV  (ultraviolet)  scanner 
more  information  is  available,  thereby  permitting  a more  intelligent 
and  accurate  assessment  to  be  made. 
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CHAPTER  10.  SURVEILLANCE  TECHNOIDGIES  MODEL 


The  purpose  of  this  chapter  is  to  describe  in  detail  the 
mechanism  by  which  the  surveillance  technologies  identified  in 
Chapter  9 are  played  against  the  surveillance  requirements  developed 
in  Part  I to  provide  a normative  approach  to  structuring  a 
surveillance  RAD  program.  Reference  is  again  made  to  Figure  8-1  which 
outlines  the  process. 

The  Technologies  Model  focuses  on  matters  of  importance  to  a 
Coast  Guard  surveillance  RAD  program;  a technology  is  considered  to 
be  important  to  the  RAD  program  if: 

o The  technologies  in  use  do  not  or  will  not  adequately 
satisfy  near  or  long  term  future  surveillance  requirements. 

o The  technology  could  contribute  significantly  to 
satisfaction  of  future  surveillance  requirements. 

o The  technical  development  risk  for  an  evolving  technology  is 
relatively  low. 

To  meet  these  criteria  the  model  outputs  must  show  the  relative 
merit  (value  or  importance}  of  the  technologies  considered  as  well  as 
the  gap  between  the  foreseeable  potential  merit  of  the  technologies 
and  the  merit  of  the  technologies  as  currently  applied.  Two 
cross-relevance  models,  one  for  potential  technologies  and  the  other 
for  technologies  as  currently  applied,  have  been  chosen  to  provide 
these  outputs. 

The  development  of  the  cross-relevance  models  for  the  present 
application  is  outlined  in  Figure  10-1.  In  its  simplest  form  (Stage 
1),  technologies  are  arrayed  against  requirements  in  matrix  form  so 
that  pair-wise  comparisons  of  each  technology  against  each 
requirement  can  be  made  systematically.  Comparisons  are  made  by  a 
panel  of  experts  according  to  the  protocol:  How  effectively  would 
Technology  X satisfy  Requirement  Y?  Descriptive  and  numeric  responses 
are  elicited  as  follows: 
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0 implies  no  effectiveness 

1 implies  barely  significant  effectiveness 

2 implies  low  effectiveness 

4 implies  moderate  effectiveness 

8 implies  high  effectiveness 

By  summing  the  scores  for  each  matrix  row,  a miner ical  value  for  each 
technology  is  obtained  in  the  output,  itie  Stage  1 model,  however,  has 
several  shortcomings:  it  assumes  all  requirements  are  equally 
important;  it  assures  all  technologies  are  equally  feasible;  and  it 
provides  no  way  to  show  the  effects  of  time  on  either  the 
requirements  or  the  technologies. 

In  Stages  2,  3 and  4 the  assumptions  cited  above  are 
successively  relaxed.  The  Stage  2 model  allows  requirements  to  be 
weighted  by  importance.  In  this  stage  the  merit  of  each  technology  is 
found  by  summing  the  products  of  the  cell  values  times  their 
respective  requirement  weights. 

In  the  Stage  3 model,  each  technology  is  also  weighted  to 
reflect  its  state  of  development.  The  merit  of  each  technology 
becomes  the  sum  of  the  products  of  cell  value  times  its  respective 
requirement  weight  and  technology  weight. 

In  the  Stage  4 model,  the  last  assumption  (time  independence)  is 
relaxed  by  expressing  requirement  weights  and  technology  weights  for 
two  different  points  in  time.  It  is  the  Stage  4 version  which  is  used 
in  the  Surveillance  Technologies  Mr<del,  and  by  exercising  the  model 
for  these  two  points  in  time,  measures  of  changes  in  the  existing  and 
potential  applicability  of  surveillance  technologies  to  surveillance 
requirements  will  be  obtained.  Sources  ol  input  data  for  the 
Technologies  Model  are  discussed  in  the  following  paragraphs. 

Surveillance  requirements  with  their  associated  weight?  (derived 
in  Part  l)  for  the  first  and  last  scenes  are  given  in  Table  7-4.  This 
table,  therefore,  provides  a set  of  requirement s with  weights  for  two 
points  or  periods  in  time. 

The  generation  of  a list  0f  technologies  together  with  their 
wights  at  two  points  in  time  ha3  been  discussed  in  Chapter  9.  The 
result  of  the  panel' 3 assessments  are  shown  in  Figure  9-1,  where 
normalized  weights  are  given  for  both  Scene  1 and  Scene  5. 


Consequently,  this  table  provides  the  technology  weights  necessary 
for  the  Surveillance  Technologies  Model. 

Having  obtained  requirement  weights  and  technology  weights  for 
Scene  1 and  Scene  5,  the  panel  of  experts  mentioned  above  was  asked 
to  estimate  how  effectively  each  technology  would  satisfy  each 
requirement.  These  quantified  judgments,  the  cell  values,  satisfy  the 
last  input  data  requirement  for  exercising  the  cross-relevance  model 
for  potential  technologies  (refer  to  Figure  8-1). 

The  cross-relevance  model  jus*-  described  produces  the  relative 
potential  merit  of  each  technology.  (A  mathematical  description  of 
the  cross-relevance  model  is  given  in  Figure  10-2)  . In  order  to 
expose  the  technology  gap  upon  which  to  predicate  an  R4D  program,  the 
technologies  as  currently  applied  in  the  Coast  Guard  have  also  been 
investigated  using  the  second  cross-relevance  matrix  shown  in  Figure 
8-1.  The  objective  at  thi3  point  is  to  determine  which  technologies 
are  currently  employed  by  the  Coast  Guard  and  how  well  they  satisfy 
surveillance  requirements.  In  making  this  assessment,  available  Coast 
Guard  literature*  was  searched  to  identify  the  technologies  being 
applied.  The  efficacy  or  field  usefulness  of  applied  technologies 
(i.e.,  their  derivative  systems)  in  satisfying  surveillance 
requirements  was  then  drawn  from  various  reports,  briefings,  and  the 
personal  experience  of  FI  staff  members. 

The  assessment  was  not  concerned  with  how  widespread  the 
application  might  be.  For  instance,  the  effectiveness  of  medium-range 
radar,  as  currently  applied,  to  satisfy  a requirement  to  detect  an 
aircraft  would  be  evaluated  as  some  positive  lumber,  even  though  only 
High  Endurance  Cutters  are  equipped  with  air  search  radars.  In  other 
words,  even  if  only  one  system  or  equipment  is  employed  in  the  field, 
the  technology  on  which  that  system  or  equipment  is  based  was 
considered  to  be  currently  applied,  on  the  premise  that  the  R&D 
effort  necessary  to  field  more  such  systems  or  equipment  would  be 
minimal.  The  cross-relevance  model  produces  values  of  relative  merit 
for  the  technologies  as  currently  applied. 

It  should  be  noted  that  the  cell  values  (the  0,  1,  2,  4,  8 
technology  assessments  shown  in  Appendix  M)  in  each  pair  of 
cross-relevance  models  do  not  change  from  scene  to  scene,  i.e.,  there 
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is  the  total  relative  dependence  of  Requirement  j 
on  the  effectiveness  of  all  technologies  in 
Scene  k. 

is  an  estimate  ot  the  effectiveness  of  Technology  i 
in  satisfying  Requirement  1,  where 

implies  zero  effectiveness 

implies  barely  significant 
effectiveness 

implies  low  effectiveness 

implies  moderate  effectiveness 

implies  high  effectiveness 

is  the  total  relative  merit  of  Technology  i in 
satisfying  all  requirements  in  Scene  k. 

is  the  relative  weight  for  Requirement  j in 
Scene  k normalized  to  100  (refer  to  Table  7-4). 

is  the  relative  weight  for  Technology  i in  Scene  k 
normalized  to  100  (refer  to  Figure  9-1). 

is  the  index  of  the  set  of  technologies , i - 1,  2,.. 
(Refer  to  Table  9-1). 

is  the  index  of  the  set  of  requirements,  j * 1,  2,.. 
(Rafer  to  Table  7-4). 

is  the  index  of  the  set  of  scenes,  k » 1,  5,  where 
k - 1 implies  1980-1984 

5 implies  2000-2004 
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FIGURE  10-2.  CROSS-RF.LEVANCE  MATHEMATICAL  MODEL 


is  only  one  estimate  of  the  potential  value  of  any  technology  to 
satisfy  any  requirement,  and  there  is  only  one  estimate  of  the  value 
of  any  technology  as  currently  applied.  By  holdinq  cell  values 
constant  over  time,  the  merit  of  any  technology  (potential  and 
applied)  varies  only  wi»‘i  changes  in  the  weight  (maturity)  of  the 
technology  and  the  weights  of  all  requirements.  The  resulting  gap 
(i.e.,  potential  merit  minus  applied  merit)  may  be  plotted  as 
illustrated  in  Figure  10-3,  where  the  merit  of  the  technology  as 
currently  applied  serves  as  a baseline.  The  Technologies  Model  does 
not  incorporate  future  application  of  rad  projects  currently  under 
development  or  the  assimilation  of  future  technology  transfers  from 
sources  outside  the  Coast  Guard;  this  concept  is  illustrated  in 
Figure  10- 3a. 

The  validity  and  usefulness  of  holding  matrix  cell  values 
constant  over  time,  as  discussed  above,  may  be  challenged.  With 
regard  to  potential  technologies,  no  other  course  is  open;  technology 
assessments  are  contingent  on  the  knowledge  base  and  the  panel  has 
given  its  best  estimates  based  on  today's  knowledge.  With  regard  to 
applied  technologies,  however,  there  is  an  alternative  in  that  RAD 
surveillance  projects  currently  under  development  will  be  fielded 
before  Scene  5,  nd  technologies  new  to  the  Coast  Guard  may  be 
acquired  from  external  sources.  These  effects  are  illustrated  in 
Figure  10-3b.  If  the  purpose  of  the  Technologies  Model  were  to 
predict  the  future  application  of  technologies  in  the  Coast  Guard  in 
an  exploratory  fashion,  this  approach  might  be  entertained,  but  the 
objective  of  the  Technologies  Model  is  to  provide  a basis  for 
structuring  an  RAD  program.  The  model  is  normative,  goal-oriented, 
not  exploratory  It  focuses  on  what  exists,  what  is  possible,  and  the 
resulting  technology  gaps.  The  gaps  are  predicated  on  existing 
technoloogy  applications  in  order  to  clearly  define  the  magnitude  of 
the  RAD  task.  Incorporation  of  the  effects  of  the  introduction  of 
current  RAD  projects  and  technology  transfers  into  the  Scene  5 
assessment  could  be  deceptive  because  the  Scene  5 gaps  would  mask  a 
certain  future  RAD  effort  necessary  to  achieve  a change  in  the 
applied  merit,  and  also  because  any  technology  introductions 
postulated  might  not  occur  uhen,  or  with  the  effect,  anticipated. 


Dlf farence 
(Cep) 

For  Any 
Technology 


Baseline  Is  merit 
of  technology  as 
currently  applied 


Scene  1 


Scene  S 


a.  Future  application  of  cunent  R&P  projects  anil  assimilation 
of  future  technology  transfer*  not  considered. 


Difference 

(Cep) 

For  Any 
Technology 


Gap  reduction  resulting 
from  Introduction  of 
projects  currently  under 
development  and  future 
technology  transfers 


Scene  1 


Scene  5 


b.  Effect  of  Incorporating  current  R&D  project*  and  assimilating 
future  technology  transfer*. 


FICURE  10- J.  ILLUSTRATIVE  CAP  FOR  ANT  TECHNOLOGY 


Fundamentally,  however,  any  augmentation  of  currently  applied 
technologies  in  the  Technologies  Model  subverts  the  planning  process, 
i.e.,  it  is  the  purpose  of  the  plan  to  assure  that  new  technologies 
are  introduced  where  most  needed;  new  technologies  will  only  be 
introduced  as  a result  of  9ome  measure  of  RfcD  effort,  and  it  is  that 
effort  which  the  plan  should  marshal  and  direct.  For  these  reasons 
the  concept  illustrated  in  Figure  10- 3b  is  rejected  in  favor  of  that 
shown  in  Figure  10- 3a. 

With  the  outputs  of  both  cross-relevance  models  at  hand,  it  is 
possible  to  display  the  results  on  a gap  diagram.  The  potential  merit 
of  the  technologies  is  plotted  on  the  ordinate,  and  the  merit  of 
technologies  a3  currently  applied  is  plotted  on  the  abscissa.  Within 
any  scene,  each  technology  plots  as  a point  on  this  diagram.  The 
point  must  lie  on  or  above  the  diagonal  running  from  upper  right  to 
lower  left,  and  the  vertical  or  horizontal  distance  from  the  point  to 
the  diagonal  is  a measure  of  the  technology  gap.  By  plotting  each 
technology  for  both  scenes  on  the  same  diagram,  and  drawing  a vector 
from  the  Scene  1 position  to  the  Scene  5 position,  the  time  change  in  jp 

the  merit  of  any  technology  may  be  seen.  In  interpreting  this 
display,  the  meaning  of  technology  merit  must  be  constantly  borne  in 

i 

mind.  Recall  that  because  of  the  cross-relevance  model  inputs,  the 
merit  of  any  technology  incorporates  its  maturity,  its  effectiveness 
in  satisfying  all  requirements,  and  the  relative  importance  of  those 
requirements.  Changes  in  any  one  or  more  of  these  factors  with  time 
can  cause  the  point  to  move  from  scene  to  scene. 

The  gap  diagram  completes  the  Surveillance  Technologies  Model. 

The  model  has  been  constructed  to  satisfy  the  criteria  for  a 
surveillance  R&D  program  by  providing  outputs  which  show  the  relative 
merit  of  each  technology  and  where  technology  gaps  exist.  The  model 
results  are  presented  in  Chapter  11  together  with  an  interpretation 
of  their  significance  for  the  surveillance  R&D  program. 


N0TES  TOR  CHAPTER  10 
PrlnC‘Pally  **««*•»  44,  46,  48. 


CHAPTER  11  - MODEL  RESULTS  AND  GAP  ANALYSIS 


The  Technologies  Model  has  been  developed  and  exercised  as 
described  in  Chapter  10.  Analyses  of  the  cross-relevance  models  which 
constitute  the  Technologies  Model  are  given  in  detail  in  Appendix  M. 
Here  the  weighted  technologies,  weighted  requirements,  matrix  cell 
values,  cell  products,  and  totals  may  be  seen  for  the  four  models 
(Potential  Technologies  in  Scenes  1 and  S,  Applied  Technologies  in 
Scenes  1 and  5) . 

Table  11-1  summarizes  the  results  of  these  analyses.  For  each 
scene,  merit  values  (row  totals  from  the  cross-relevance  models 
divided  by  10,000)  for  potential  and  applied  technologies  are  shown, 
together  with  each  technology  gap  (potential  merit  minus  applied 
merit).  Technology  gaps  are  also  ranked.  In  addition,  the  gap  changes 
from  Scene  1 to  Scene  5 are  given  in  terms  of  magnitude  (Scene  5 gap 
minus  Scene  1 gap) , direction  (gap  opening  (increasing) , or  closing) , 
and  rank.  Ranking  is  treated  algebraically  in  that  an  opening  gap 
implies  a positive  value,  and  a closing  gap  implies  a negative  value. 
Gap  and  gap  change  ranks  are  intended  to  indicate  the  relative 
importance  of  the  associated  technologies  for  consideration  in  a 
Coast  Guard  surveillance  R&D  program. 

Figure  11-1  is  a parametric  display  (Technology  Gap  Diagram 
based  on  the  data  in  Table  11-1)  which  indicates  the  merit  of  the 
potential  technology  in  relation  to  the  merit  of  the  technology  as 
currently  applied  for  each  of  the  22  technologies  and  23  requirements 
examined.  In  particular,  the  tail  of  each  vector  represents  the 
values  calculated  in  the  two  cross-relevance  models  for  the  initial 
time  period  (Scene  1:  1980-1984).  The  head  of  each  vector  represents 

the  analogous  values  for  the  fifth  time  period  (Scene  5:  2000-2004)  . 

Because  matrix  cell  values  are  held  constant  over  time,  the  vectors 
represent  the  combined  effect  of  changes  in  technology  weights  (i.e., 
maturity)  and  surveillance  requirement  weights  in  the  interval  from 
Scene  1 to  Scene  5.  It  should  be  noted  that  the  technologies 


TABLE  11-1.  ' 'ECHNOLOCY  CAPS  AND  CAP  CHANCES 


Merit  of  Technologies  As  Currently  Applied 


displayed  on  the  'wo  dimensional  surface  of  the  figure  bounded  by  the 
X and  Y axes  represent  'hose  technologies  which  are  currently  being 
employed  by  the  Coast  Guard.  The  nine  technologies  drawn  to  the  left 
of  the  vertical  (Y)  axis  represent  technologies  which  have  not  been 
applied  by  the  Coast  Guard. 

Consider  first  those  technologies  that  are  shown  in  the  X-Y 
parametric  plane.  Here  a diaqonal  has  been  drawn.  A point 
representing  a technology  plotting  on  this  diagonal  would  imply  that 
the  technology  is  being  applied  to  satisfy  all  requirements  where  it 
could  be  apolied.  Conversely,  the  vertical  distance  from  the  diagonal 
to  any  point  (the  gap)  would  be  a measure  of  potential  applications 
for  which  the  Coast  Guard  is  not  now  employing  the  technology. 
Although  no  technology  plots  on  the  diagonal  (indicating  that  the 
potential  merit  of  every  technology  exceeds  its  merit  as  applied), 
several  technologies  plot  close  to  it. 

A small  gap  exists,  for  instance,  in  Optical  technology  (12) 
because  optical  range  finders  (more  effective  than  3tadimeters)  and 
optical  altitude  finders  (more  effective  than  sextants)  are  available 
but  not  employed  by  the  Coast  Guard.  Detection  is  also  limited  by  the 
magnifying  power  and  light-gathering  capability  of  optical  equipment 
in  use.  In  other  words,  while  many  optical  capabilities  are  used  by 
the  Coast  Guard,  there  remains  some  capability  intrinsic  to  optical 
technology  which  is  not  being  utilized.  Once  again,  it  should  be 
borne  in  mind  that  the  qap  derives  from  the  potential  of  the 
technology  and  whether  the  Coa3t  Guard  applies  it  (as  illustrated 
above)  , not  from  the  number  of  systems  in  the  field.  To  double  the 
number  of  7 x SO  binoculars  in  the  fleet  would  not  charge  the  Optical 
technology  gap  at  all;  equipping  one  cutter  with  a *>0  x 200 
stabilized  telescope  (for  example),  would. 

Technologies  which  are  not  currently  being  applied  in  the  Coast 
Guard  are  plotted  in  the  one-dimensional  space  on  the  left  portion  of 
Fiqure  11-1.  The  qap  for  any  technology  plotted  in  this  space  is 
simply  its  potential  merit. 

Vectors  associated  with  each  technology  vary  in  length  and 
direction  in  response  to  chanqes  in  technology  weights  and  the 
weights  of  all  requirei.v.  *•  s w+drh  occur  in  the  interval  from  Scene  1 
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to  Scene  5.  A vector  directed  toward  the  ifjper  left  (i.e.,  normal  to 
the  diagonal)  indicates  a gap  increase  resulting  from  increases  in 
the  relative  importance  of  requirements  which  the  technology  could 
help  satisfy,  or  an  increase  in  the  technology  weight,  or  both.  Radio 
Frequency  technology  (S)  i3  an  example.  Conversely,  a vector,  such  as 
Chemical  technology  (19),  directed  downward  implies  a gap  decrease. 
Technologies  which  plot  a3  very  short  vectors  or  points,  such  as  air 
acoustics  (1),  imply  a relatively  constant  gap.  Technologies  which 
are  not  currently  applied  in  the  Coast  Guard  are  shown  on  the  left 
portion  of  the  diagram.  Vectors  associated  with  these  technologies 
are  directed  vertically;  upward  vectors  (as  tor  Passive  Sonar 
technology  (2))  signify  an  opening  gap. 

The  significance  to  the  Coast  Guard  of  the  information  analyzed 
in  this  study  can  be  assessed  in  terms  of  the  technology  gaps  and  gap 
changes  given  in  Table  11-1  and  Figure  11-1.  Large  gaps  generally 
inply  that  the  associated  technologies  and  systems  derived  from  them 
could  result  in  high  payoffs  to  the  Coast  Guard.  For  instance,  the 
four  highest  ranked  technolgies  in  Scene  1 are:  Photography  (13), 
Television  (11),  Radio  Frequency  (5),  and  Millimeter  Nadar  (9).  Hiese 
technologies  also  remain  in  the  top  four  ranks  in  Scene  •>. 

Gap  changes  between  Scene  l and  Scene  S provide  further 
information.  Millimeter  Radar  (9),  Animal  (Bird)  (20),  Va^.-ive  Sonar 
(2)  technologies  show  the  greatest  increase  in  m< '■!»,*  Chemical 
technology  (19),  on  the  other  hand,  shows  a marked  decrease  in  merit. 
An  RAD  program  focused  on  larqe  and  increasing  gaps  will  generally  be 
appropriate,  although  gap  size  and  gap  change  alone  provide 
insufficient  information  for  an  RAD  canmi taient. 

Technology  gap  sizes  and  gap  change  can  serve  as  an  initial 
filter  for  selecting  RAD  projects.  It  will  also  be  useful  to 
investigate  the  technology  weiqhts  (i.e.,  maturities)  to  estimate  the 
technical  feasibility  and  ri3k  involved.  See  Figure  9-1. 

While  Table  11-1  and  Figure  11-1  provide  a gross  assessment  and 
comparison  of  surveillance  technologies  (since  they  are  predicated  on 
total  merit  across  all  requirements),  closer  consideration  of  the 
cross-relevance  models  in  Appendix  M can  provide  insights  masked  by 
aggregation.  In  these  matrices,  the  relative  effectiveness  (potential 
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or  applied)  of  any  technology  in  satisfying  any  requirement  may  be 
read  by  inspection  of  the  cell  products  (technology  weiqh*  times 
requirement  weiqht  times  cell  value);  the  larger  the  cell  product, 
the  greater  the  effectiveness,  booking  at  Potential  Technologies  in 
Scene  1 (pages  M-2,  M-3)  , for  instance,  it  may  be  seen  (by  the  high 
cell  values)  that  Television  (11)  would  be  effective  in  satisfying 
many  requirements  but,  judging  by  the  cell  products,  it  would  be 
particularly  effective  in  satisfying  requirement  037  (Observe: 
movement  of  object  of  interest) . 

In  similar  fashion,  matrix  colimns  may  be  inspected  to  identity 
technologies  which  would  most  effectively  satisfy  particular 
requirements.  Use  of  this  approach  could  also  help  select 
combinations  of  technologies  to  satisfy  one  or  more  requirements.  The 
result  could  be  a focused,  integrated,  and  synerqistic  system  of 
sensors,  like  the  AIREYE  system  currently  under  Coast  Guard 
development. 

Finally,  inspection  of  the  matrices  can  help  identify  particular 
technologies  which  are  needed  to  satisfy  certain  requirements  even 
though  the  overall  merit  of  the  technology  may  not  be  high.  Nuclear 
technology  (18)  needed  to  detect  nuclear  radiation  (SIE  021)  , is  a 
case  in  point. 

In  sunmary,  the  Technologies  Model  is  designed  to  provide  a 
review,  screening,  and  selection  mechanism  as  an  initial  step  in 
developing  a surveillance  R&D  program.  It  is  designed  to  facilitate 
selection  of  technologies  leading  to  development  of  integrated, 
complementary  surveillance  systems,  and  to  assure  that  only  promising 
candidate  technologies  are  selected  for  subsequent  technical 
feasibility  and  cost-effectiveness  studies.  The  Model  provides  a 
basis  for  the  reconmendations  developed  in  Chapter  12. 
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CHAPTER  12  - RECOMMENDED  SURVEILLANCE  R&D  PROGRAM 


Development  of  a plan  for  research  and  development  requires  a 
highly  interactive  process  with  participation  of  those  within  an 
organization  who  manage  the  research  (Office  of  R&D) , those  who 
perform  it  (R&D  Center  and  outside  contractors) , as  well  as  those  who 
require  its  results  (the  program  managers).  As  outsiders,  the  staff 
of  Forecasting  International  are  not  qualified  to  develop  any 
minutely  detailed  R&D  plan  for  the  Coast  Guard.  It  is,  however, 
within  our  capabilities  to  sketch  or  outline  a broad  skeletal  plan. 
It  is  and  must  be  the  responsibility  of  the  Coast  Guard's  "R&D 
community"  to  complete  the  fine  detail  and  establish  the  exact 
allocation  of  dollars. 

In  the  sections  which  follow  we  will  present  some  concepts  of 
the  skeletal  plan  and  discuss  certain  innovations  which  we  believe 
will  further  the  transfer  and  utilization  of  new  and/or  high 
technology  to  the  ultimate  benefit  of  the  Coast  Guard. 

In  the  preparation  of  the  suggested  R&D  plan  certain  assumptions 
have  been  made: 

1.  The  level  of  funding  for  the  surveillance  RET&E  budget  will 
amount  to  approximately  $1,000,000  per  year. 

2.  Any  effort  in  this  area  which  the  Coast  Guard  can  mount 
will  be  very  small  in  comparison  to  those  efforts  currently 
being  sponsored  by  the  U.S.  Navy,  NASA,  and  other  segments 
of  the  federal  government. 

3.  An  ultimate  goal  of  any  R&D  effort  within  the  Coast  Guard 
is  to  ensure  maximum  return  on  the  invested  dollar.  Thus  a 
desirable  policy  is  to  "buy  in  at  the  margin"  to  benefit 
from  on-going  or  projected  programs. 

Underlying  these  three  assumptions  is  the  belief  that  most 
technologies  which  can  benefit  the  Coast  Guard  in  meeting  its  various 
surveillance  requirements  have  been  or  are  being  investigated  (to  a 
depth  grea'er  than  is  possible  within  the  Coast  Guard)  by  the  U.S. 
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Navy,  NASA,  and  other  segments  of  the  U.S.  Government.  In  that  case, 
why  should  the  Coast  Guard  undertake  basic  research  efforts  when  by 
carefully  monitoring  and  soliciting  information  from  other  sources, 
the  same  results  can  be  made  available  in  a timely  and  useful 
fashion?  In  plain  language,  the  Coast  Guard  should  "beg,  borrow  or 
steal"  the  research  it  needs  wherever  feasible,  except  in  core  areas, 
i.e.,  where  requirements  are  unique  to  the  Coast  Guard  and  RAD 
efforts  by  agencies  outside  the  Coast  Guard  are  insufficient.  A 
technology  transfer  mechanism  should  be  established  to  facilitate 
acquisition  of  needed  research  results  in  all  other  areas,  including 
that  of  surveillance.  We  recommend  that  the  USCG  set  up  an  RAD 
liaison  office  within  the  physical  facilities  of  the  Office  of  Naval 
Research  (CNR)  in  Arlington,  Virginia.  Tliis  office  should  be  provided 
with  adequate  manpower  such  that  all  areas  of  current  research  within 
the  Navy  can  be  closely  monitored  and  any  results  which  can  be 
applied  to  the  Coast  Guard  should  be  considered.  Further,  any  results 
that  become  available  should  be  transmitted  to  the  Coast  Guard  RDTAE 
community  for  immediate  assessment.  The  potential  benefits  of 
establishing  such  an  office  at  ONR,  to  the  whole  Coast  Guard  RAD 
effort,  are  so  broad  that  we  recommend  funding  at  the  highest  RAD 
level  within  the  Coast  Guard,  with  specific  funding  from  the 
surveillance  area  being  maintained  at  a minimal  level,  although  this 
segment  would  certainly  profit  from  the  resultant  information 
transfer. 

A constraint  which  becomes  immediately  apparent  in  attempting  to 
formulate  a RAD  plan  is  that  only  the  broadest  program  outline  can 
span  a period  of  25  years.  Development  of  a detailed  RAD  plan  is 
necessarily  an  iterative  process,  requiring  continual  reassessment. 
It  should  cover  only  a brief  period  into  the  future,  with 
re-programming  and  necessary  modification  at  least  once  a year. 
Accordingly,  tlr.e  remainder  of  this  chapter  will  focus  n»n  a time 
increment  covering  the  next  five  years,  with  heavy  emphasis  on  the 
first  tw  or  three  year 3 and  less  upon  the  last  two. 

Our  proposed  RAD  plan  consists  of  two  major  portions.  The  first 
concerns  specific  recommendations  for  the  establishment  of  a 
Technology  Transfer  Team  (t3)  liaison  office  preferably  at  the  Office 
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of  Naval  Research,  as  well  as  the  initiation  of  an  Interdisciplinary 
Research  and  Development  Groij?  co-located  with  the  t3  group  at  ONK. 

Technology.  Transfer  Team.  We  feel  that  the  benefits  of  the  t3 
group  would  accrue  to  the  whole  Coast  Guard,  which  is  why  we 
recommend  that  it  be  located  at  ONR,  and  that  it  not  be  limited  to 
consideraton  of  surveillance  technologies.  Such  an  establishment 
would  require,  at  a minimum,  four  to  six  technical  personnel  plus 
technicians  and  administrative  support.  Serious  attention  should  be 
paid  to  the  need  for  continuity  in  such  a group,  whether  of  military 
or  civilian  composit ion.  A gross  estimate  of  the  initial  funding 
required  would  be  on  the  order  of  $350,000  to  $400,000.  As  mentioned 
previously,  we  feel  that  the  T^  group  should  have  a broad  base  of 
financial  support,  and  therefore  have  excluded  these  estimates  from 
the  funding  patterns  shown  later  in  this  chapter. 

Even  if  the  Coast  Guard  rejects  the  recommendation  to  set  up  an 

overall  T^  liaison  in  ONR,  FI  still  recommends  that  the  Coast  Guard 

undertake  for,  surveillance  alone  the  establishment  of  a team  to  be 

located  at  ONR  so  as  to  be  away  from  the  day-to-day  "fire  drills" 

that  take  place  in  the  Office  of  Research  and  Development.  This  Coast 

Guard  T^  group  should  have  assigned  to  it  at  least  two  technical 

people  as  well  as  a secretary  and  should  have,  based  i*x>n  exploratory 
\ « 

contacts  with  the  Navy,  not  only  the  ability  to  review  all  R&D  being 

supported  by  ONR,  but  also  access  to  the  Naval  Research  laboratory 

(NRL)  for  further  and  indepth  contacts.  This  office  would  have  the 

ability  to  monitor  the  progress  of  various  research  projects  and 

technologies  which  are  of  immediate  and  urgent  interest  to  the  Coast 

Guard,  both  here  and  abroad.  These  personnel  should  have  the  ability 

to  disseminate  information  to  the  Navy  concerning  Coast  Guard  needs 

and  to  act  as  a "switching  point"  for  the  dissemination  of 

Navy-developed  information  to  the  appropriate  Coast  Guard  individuals 

and  facilities. 

One  of  these  two  technical  individuals  should  have  the 
responsibility  for  monitoring  ONR-supported  studies,  the  work  of  NRL., 

DoD  ARPA,  and  all  of  the  ONR  reports  from  overseas,  both  military  and 
civilian.  More  specifically,  the  first  individual  should  be 
responsible  for  the  basic  research  going  on  at  NRL  and  the  millimeter 
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wave  radar  work  going  on  in  Rntain,  the  blue-green  laser  work  going 
on  in  NRL,  and,  of  course,  any  work  in  these  areas  supported  in  the 
academic  institutions  by  CNR. 

The  other  individual  should  have  the  responsibility  tor 
monitoring  and  transferring  the  technology  that  is  being  worked  on  in 
the  Office  of  the  Chief  of  Naval  Material  and  in  the  R&D  Planning 
Office  of  the  Chief  of  Naval  iterations.  This  R&D  falls  more  nearly 
into  the  Systems  Area  and  is  performed  by  the  Navy's  in-house 
laboratories  as  well  as  its  industrial  contractors.  This  second 
individual  should  be  responsible  for  material  being  generated  by  the 
private  contractors  as  well  as  those  being  tested  in  the  fleet,  and 
the  exploratory  and  advanced  development  going  on  at  the  Coastal 
Defense  Laboratory  in  Panama  City,  Florida;  the  Navy  Electronics 
Center  in  San  Diego,  California;  the  higher  powered  sonar  units  being 
developed  by  the  Underwater  Sound  Laboratory  in  New  London, 
Connecticut;  the  SOSUS  and  AUTEC  work  as  well  as  underwater  port 
surveillance  at  Norfolk,  Virginia.  He  should  maintain  close  liaison 
with  the  Director  of  the  CNO's  Office  of  R&D  (CNO  C^>— 98*7 ) in  order  to 
remain  cognizant  of  surveillance  R&D  work  (classified  higher  than 
Secret)  being  conducted  by  all  three  Services. 

Additionally,  if  a third  technical  person  could  be  assigned,  he 
should  be  charged  with  transferring  space  surveillance  technology 
back  from  NASA  to  the  Coast  Guard.  He  could  also  be  useful  in 
bringing  back  satellite  navigation  information  that  could  be  of  use 
to  the  Coast  Guard  and  he  could  act  as  a respository  for  Air  Force 
surveillance  and  navigation  systems  information.  Finally,  one  of  the 
T^  team  should  come  from  the  Coast  Guard  R&D  Center  and  should  be 
rotated  per iod jcal ly  (annually  is  recommended).  This  would  enhance 
technology  transfer  from  team  to  center  for  application  efficiency. 

The  estimated  cost  of  this  limifed  T^  group  would  be  between 
$150,000  and  $200,000  a year.  This  figure  includes  salaries, 
overhead,  and  a liberal  allowance  for  travel,  dociment  reproduction, 
etc. 

Interdisciplinary  R&D  Team.  The  second  recommendation  in  this 
first  portion  of  the  proposed  program  concerns  the  establishment  of 
an  interdisciplinary  R&D  team.  This  is  extremely  important  in  today's 


world,  where  almost  no  system  operates  purely  by  utilizing  one 
technology.  This  interdisciplinary  group  should  have  the  apability 
of  utilizing  the  rapidly  expanding  and  growing  commimcations  and 
computer  arts  to  act  as  "glue"  between  the  individual  technologies  as 
well  as  for  the  manipulation  and  processing  of  the  data  obtained  by 
individual  sensors. 

We  believe  that  the  utilization  of  a combination  of  technologies 
for  surveillance  in  conjunction  with  the  proper  mix  of  communications 
and  data  processing  can  provide  orders  of  magnitude  improvement  over 
the  next  25  years  over  the  capabilities  currently  available  to  the 
Coast  Guard.  As  the  other  Services  are  also  discovering,  most 
bottlenecks  in  the  application  of  advanced  technology  now  lie  in  the 
areas  of  interpretation  and/or  integration,  rather  than  in  the 
improvement  of  individual  technologies.  In  addition,  most  advances 
are  being  made  at  the  interface  of  two  technologies.  The  following 
disciplines  are  examples:  biochemistry,  electromagnetics,  biophysics, 
nuclear  cncmistry,  etc.  That  is  also  why  we  believe  thi3 
interdisciplinary  organization  should  be  co-located  with  the  T ^ 
liaison  group,  (cf,  Project  HINDSIGHT^).  It  should  be  noted  that  due 
to  the  difficulty  of  transfer ing  technology  and  vital  information 
across  organizational  and  spacial  barriers  special  care  should  be 
taken  to  assure  that  these  groups  are  coupled  with  Coast  Guard 
Headquarters  and  the  Coa3t  Guard  R&D  Center.2 

Consideration  of  the  various  contributory  technologies  leads  us 
to  the  second  major  portion  of  the  broad  R&D  program  which  wp  wish  to 
propose.  It  will  be  useful  to  break  the  Coast  Guard  RDTfcE  budget  into 
three  categories  (Technology  Transfer,  Advanced  Development,  and 
Prototype  Test  and  Evaluation)  for  the  purpose  of  outlining  the 
allocation  of  resources.  The  first  of  these.  Technology  Transfer,  has 
been  discussed  in  the  first  portion  of  this  chapter.  An  annual 
allocation  of  $200  K,  or  20%  of  the  $1000  K available,  will  be 
assigned  to  this  category. 

The  apportionment  to  the  remaining  categories  should  not  differ 
greatly  from  that  which  other  government  agencies  (especially  DOD) 
and  industry  have  historically  found  to  be  effective.  Within  DOD 
Advanced  Development  accounts  for  approximately  20%  of  RDT&E 
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expend itures^;  industry  allocations,  in  analogous  high  technology 
areas,  favor  TSE  somewhat  more  heavily,  on  balance,  it  appears  that 
apportionment  to  Advanced  Development  and  Prototype  TfcE  in  the  ratio 
of  approximately  1 to  S is  a reasonable  planning  figure  for  the  Coast 
Guard.  On  this  basis,  the  annual  surveillance  K&b  funding  schedule 


M)uld  be  as  follows: 

Percent  Dollars 

Category  Allocated  Allocated 

Technology  Transfer  20  $200  K 

Advanced  Development  13  133  K 

Prototype  TfcE  t>b7  K 


With  the  foregoing  allocation  rn  mind,  we  turn  now  to  specific 
applications.  Table  12-1  extracts  pertinent  information  from  previous 
chapters  of  this  report.  This  table  lists  the  seven  technologies 
showing  the  largest  Scene  1 gaps  together  with  their  gap  changes  trum 
Scene  1 to  Scene  5 (from  Table  11-1)  and  their  Scene  1 states  of 
development  (from  Figure  9-1). 

It  is  suggested  that  Advanced  Development  funds  be  applied  to 
those  technologies  which  have  not  yet  reached  the  mature  state  of 
development  (i.e.,  maturities  B and  C in  Table  12-1)  and  winch  may 
lead  to  the  satisfaction  of  Coast  Guard  unique  requirements. 
Selection  of  the  particular  technology  or  technologies  tor 
development  should  be  undertaken  after  detailed  analysis  of  the 
probable  benefits  to  be  derived.  A long-term  comnitment  is  requires. 

It  is  suggested  the  prototype  T&B  funds  be  allocated 
approximately  equally  to  all  of  the  technologies  listed.  Within  this 
framework,  detailed  investigations  should  be  undertaken  to  assure  the 
greatest  return  on  the  money  expended  (this  would  favor  the  highest 
ranking  technologies).  Particular  emphasis  should  be  placed  on 
integrating  two  or  more  of  these  technologies  (and  perhaps  others  not. 
on  the  list  in  Table  12-1)  into  combined  systems  to  meet  particular 
surveillance  requirements.  The  AIKEYE  project,  for  example,  is  an 
excellent  illustration  of  what  is  intended  here.  Inspection  of  the 
Technologies  vs.  Requirements  matrices  in  Appendix  M should  suggest 
candidate  combinations  of  technologies  for  Prototype  T&E. 
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TABLE  12-1.  TECHNOLOGIES  RECOMMENDED  FOR  DEVELOPMENT  IN  SCENE  1 
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Finally,  implementation  of  the  surveillance  R4D  program  outlined 
in  this  chapter  should  be  adjusted  or  phased  with  ongoing  efforts  to 
assure  efficiency  and  economy. 
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Tt»e  findings  of  Project  HINDSIGHT,  given  in  Reference  25,  are 
particularly  pertinent  here. 

Reference  21  provides  an  extremely  valuable  discussion  of 
technology  transfer  in  a situation  which  is  very  much  analogous 
to  the  Coa3t  Guard's.  Ihe  concept  of  harriers  and  bonds  is  right 
to  the  point. 

The  estimates  are  complicated  by  the  different  definitions  of 
terms  used  within  the  R4D  comnunity.  Volume  1 of  Reference  25  is 
pertinent.  The  percentages  cited  are  also  drawn  from  a 
conversation  between  Dr.  Edward  M.  Glass  (Office  of  Deputy 
Director  of  Technology,  DOD)  and  Dr.  Marvin  J.  Cetron  on 
October  22,  19b5.  Ttiat  this  apportionment  continues  to  obtain  is 
s imported  by  the  following  table: 
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